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ABSTRACT

Background. Therapy for head and neck cancers has
evolved over the past decade, but few detailed analyses
of recent developments in survival on the population
level have been published.

Methods. We use period analysis and modeled period
analysis to disclose recent trends in survival in patients
with head and neck cancer. Data are derived from the
Surveillance, Epidemiology, and End Results limited-
use database.

Results. A major, statistically significant improve-
ment in survival was observed, with the overall 5-year
relative survival rate going from 54.7 % in 1992—-1996 to
65.9% in 2002-2006. Subgroup analysis showed im-
provement in cancers of the oral cavity, tongue, tonsils,

and nasopharynx, with the greatest improvements ob-
served in tonsillar carcinoma (+22.2 percentage points)
and carcinoma of the tongue (+14.4 percentage points).
Further analysis of survival for oral cavity, tonsillar,
and tongue carcinoma revealed improvements in sur-
vival at each stage and across all age groups except for
patients aged =75 years, with the greatest improvement
occurring in locally advanced disease and in patients
aged 55-64 years for carcinoma of the tongue and ton-
sils and those aged 15-44 years for oral cavity cancers.

Conclusions. Survival has substantially improved for
head and neck cancer patients over the past decade. The
greatest improvement was seen in tonsillar and tongue
cancers. The Oncologist 2010;15:994-1001

BACKGROUND

Head and neck cancers are a heterogeneous group of can-
cers that arise from the squamous epithelium of the oral
cavity and pharynx. Together, this group of cancers is the
ninth most common form of cancer in men in the U.S. [1],

with an incidence of 14.97 per 100,000 in men and 6.24 in
women and an age-adjusted mortality rate of 3.78 per
100,000 in men and 1.39 in women in 2006 [2]. In 2009,
35,720 cases of head and neck cancer and 7,600 deaths re-
sulting from the disease were expected to have occurred [1].
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Head and neck cancers have traditionally been consid-
ered difficult to cure beyond very early-stage disease. How-
ever, recent advances in the use of chemotherapy plus
radiation and the use of hyperfractionated radiotherapy
have led to longer survival times in clinical trials [3, 4].
However, it is less clear to what extent the improvements in
survival observed in clinical trials translate into better sur-
vival at the population level. In the current study, we exam-
ine recent changes in survival in head and neck cancer
patients through the use of period analysis and model-based
period analysis.

METHODS

Database

All data presented in this paper are derived from the 1973—
2006 limited-use database of the Surveillance, Epidemiol-
ogy, and End Results (SEER) Program of the U.S. National
Cancer Institute issued in April 2009 [2]. We used data in-
cluded in the 1973-2006 SEER9 database, which are from
population-based cancer registries in Connecticut, New
Mexico, Utah, Iowa, Hawaii, Atlanta, Detroit, Seattle—
Puget Sound, and San Francisco—Oakland, and together
cover a population of about 30 million people. Geographic
areas were selected for inclusion in the SEER Program
based on their ability to operate and maintain a high-quality
population-based cancer reporting system and for their ep-
idemiologically significant population subgroups.

Cancers of the lip, tongue, oral cavity, oropharnyx, hy-
popharnyx, nasopharynx, tonsil, and head and neck not oth-
erwise specified were included in the analysis. Cancers of
the mouth and gums that were not listed for a more specific
site (e.g., tongue) were grouped into the “oral cavity” cate-
gory. Similarly, cancers were considered to be oropharyn-
geal if they were not more specifically categorized (e.g.,
tonsillar). Salivary gland tumors were excluded because
they are frequently of different histologies from other head
and neck cancers. Cancers of the tongue are considered as a
single category because all International Classification of
Diseases (ICD) codes relating to the tongue are grouped as
a single “recode” group in the SEER database, and changes
in the initial ICD codes over the period examined make use
of the original ICD codes impractical.

Overall, 68,218 patients aged =15 years with a first di-
agnosis of head and neck cancer (and no previous cancer
diagnosis) between 1973 and 2006 who had been followed
for vital status until the end of 2006 were included in the
dataset. After exclusion of 30 patients (0.04%) who were
reported by autopsy only and 362 patients (0.5%) who were
reported by death certificate only, there remained 67,826
patients (99.4%) for the survival analysis.
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Additionally, 28,582 patients with laryngeal cancer,
with the same restrictions as above, were selected for ex-
amination of possible changes in survival in this patient
population. Forty-four (0.2%) and 190 (0.7%) patients who
were reported by autopsy or death certificate only, respec-
tively, were excluded, leaving 28,348 for analysis.

Statistical Analysis

The 5- and 10-year survival rates were calculated for the
calendar periods 1982-1986, 1987-1991, 1992-1996,
1997-2001, and 2002-2006 using period analysis method-
ology [5, 6]. With period analysis, as first proposed by
Brenner and Gefeller in 1996 [5], only survival experience
during the period of interest is included in the analysis. This
is achieved by left truncation of observations at the begin-
ning of the period in addition to right censoring at its end. It
has been shown by extensive empirical evaluation that pe-
riod analysis provides more up-to-date long-term survival
estimates than traditional “cohort-based” survival analysis,
and quite closely predicts long-term survival expectations
of cancer patients diagnosed within the period of interest [0,
7]. Furthermore, we tested for the statistical significance of
recent trends in the 5- and 10-year year survival rates be-
tween 1992-1996 and 2002-2006 by a novel modeling ap-
proach described in detail elsewhere [8].

According to standard practice in population-based can-
cer survival analysis, relative survival was calculated in ad-
dition to absolute (observed) survival. Relative survival
reflects the survival rate of cancer patients compared with
the survival rate of the general population. It is calculated as
the ratio of the absolute survival of cancer patients divided
by the expected survival of a group of persons of the corre-
sponding sex, age, and race in the general population [9,
10]. Estimates of expected survival were derived according
to the so-called Ederer Il method [11], using U.S. sex-, age-,
and race-specific life tables [12].

Survival expectations for head and neck cancer patients
vary considerably depending on the specific site involved
[13]. Therefore, we examined survival by site. Two areas,
tonsillar cancers and tongue cancers, appear to be of partic-
ular interest because of their relatively common incidence
and an apparent improvement in survival. Therefore, sur-
vival for these two cancers was examined in greater detail.
Survival was examined by stage, gender, age, and whether
radiation therapy was given.

Stage is an important prognostic indicator in head and
neck cancers, and therefore changes in survival by stage
were examined. Because of difficulty translating the stag-
ing systems used at various time points, the SEER “historic
stage A” grouping was used to determine stage [2]. This
system divides cases into local (disease confined to the or-
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Table 1. Incidence of head and neck cancers
Calendar period

Characteristic 1982-1986 1987-1991 1992-1996 1997-2001 2002-2006 Total
All 11,149 10,351 10,268 9807 10,391 52,020
15-44 yrs 1,123 (10%) 1,264 (12%) 1,290 (13%) 1,109 (11%) 1,073 (10%) 5,859
45-54 yrs 1,796 (16%) 1,678 (16%) 1,917 (19%) 2,256 (23%) 2,581 (25%) 10,228
55-64 yrs 3,393 (30%) 2,851 (28%) 2,521 (25%) 2,327 (24%) 2,887 (28%) 13,979
65-74 yrs 3,021 (27%) 2,789 (27%) 2,645 (26%) 2,205 (22%) 1,991 (19%) 12,651
=75 yrs 1,816 (16%) 1,769 (17%) 1,895 (18%) 1,910 (19%) 1,859 (18%) 9249
Male 7,654 (69%) 7,267 (70%) 7,144 (70%) 6,836 (70%) 7,367 (71%) 36,268
Female 3,495 (31%) 3,084 (30%) 3,124 (30%) 2,971 (30%) 3,024 (29%) 15,698
Limited 4,158 (41%) 3,450 (38%) 3,419 (37%) 3,089 (34%) 3,171 (32%) 17,287
Locally advanced 4,782 (47%) 4,651 (51%) 4,814 (53%) 5,171 (56%) 5,388 (54%) 24,806
Distant 1,187 (12%) 986 (11%) 918 (10%) 940 (10%) 1,335 (13%) 5366

Table 2. Incidence of head and neck cancers in the
Surveillance, Epidemiology and End Results (SEER)9
database by location of primary

Site n of cases % total
Lip 9,428 12.8
Tongue 16,055 235
Oral cavity® 19,221 28.2
Nasopharynx 4,745 7.0
Tonsil 8,276 12.1
Oropharynx® 2,014 3.0
Hypopharynx 6,316 9.3
Other 2,163 32
Larynx 28,348 NA
“Cases not included under specific sites of disease.
Abbreviation: NA, not applicable.

gan), locally advanced (local extension of disease beyond
the organ of origin or invasion of lymph nodes, no distant
disease), and distant spread (local extension into other or-
gans and metastatic spread). In head and neck cancers, local
invasion of surrounding organs and lymph node invasion,
in which the lymph node has swollen to >6 cm in greatest
dimension, are considered stage IV disease. However, a
number of these patients can achieve remissions and thus
have long-term survival.

RESULTS

Overall, the number of patients with head and neck cancers
remained about stable between 1987-1991 and 2002-2006.
The average age of patients with head and neck cancers de-
creased slightly over time with an increasing proportion of

cases in the 45-54 years age group and a decreasing pro-
portion in the 65-74 years age group. The male-to-female
ratio was essentially stable at 2.2-2.4:1 (Table 1). Disease
stage has shown a slight trend toward fewer early cancers
and more locally advanced disease in more recent calendar
years (Table 1). Tongue, oral cavity, and tonsil cancers
were the most common types of head and neck cancer di-
agnosed in 1973-2006 (Table 2).

Overall, the 5-year relative survival rate improved from
52.7% to 65.9% between 1982-1986 and 2002-2006 for
patients with head and neck cancers (p < .0001), with most
of the improvement in survival occurring during the most
recent 10-year time interval (between 1992-1996 and
2002-2006). Survival improved for most subtypes of head
and neck cancer between 1992-1996 and 2002-2006 (Ta-
ble 3). The exceptions to this trend were lip cancer, for
which the 5-year relative survival rate was already >90% in
1982-1986 and has shown no clear trend, and oropharyn-
geal and hypopharyngeal cancer, which showed nonsignif-
icant trends in improvement between 1992-1996 and
2002-2006 (Table 3), but a statistically significant im-
provement between 1982-1986 and 2002-2006 (data not
shown). No change in survival was observed for patients
with laryngeal cancers. The greatest improvements within
the last decade were observed in tonsillar, tongue, and oral
cavity cancers. More detailed survival analyses were con-
ducted on carcinoma of the tongue, carcinoma of the oral
cavity, and tonsillar carcinoma. These were selected be-
cause they are relatively common and showed signs of an
overall improvement in survival in the initial analyses.

Survival showed a statistically significant improvement
in all age groups except for patients aged =75 years for ton-
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Table 3. Five-year relative survival rate by period analysis
Calendar period
1982-1986 1987-1991 1992-1996 1997-2001 2002-2006
Location PE (SE) PE (SE) PE (SE) PE (SE) PE (SE) Difference®  p-value”
All 52.7 (0.5) 53.2 (0.5) 54.7 (0.5) 58.6 (0.5) 65.9 (0.5) +11.2 <.0001
Lip 92.5(1.3) 95.6 (1.4) 95.5(1.4) 90.9 (1.5) 97.4 (1.7) +1.9 .5
Tongue 45.2 (1.2) 48.1 (1.2) 50.5 (1.2) 55.6 (1.1) 64.9 (1.0) + 144 <.0001
Oral cavity 53.6 (1.0) 52.6 (1.0) 51.1 (1.0) 56.6 (1.1) 62.9 (1.2) +11.8 <.0001
Nasopharynx 47.1 (2.2) 47.6 (2.1) 53.8 (2.1) 58.3 (1.9) 62.3 (1.9) +8.3 .002
Tonsil 39.7 (1.7) 41.8 (1.7) 47.6 (1.7) 56.5 (1.5) 69.8 (1.3) +22.2 <.0001
Oropharynx 26.2 (2.9) 23.4 (2.6) 33.3(3.2) 37.8 (3.1) 422 (3.1) +8.9 2
Hypopharynx 24.2 (1.4) 26.2 (1.5) 29.8 (1.6) 29.7 (1.6) 33.8 (2.0) +4.0 3
Larynx 66.8 (0.8) 66.3 (0.8) 64.9 (0.9) 64.3 (0.9) 66.8 (0.9) +1.9 2
“Difference between values in 1992—-1996 and those in 2002-2006.
Pp-value for trend 1992—1996 to 2002-2006.
Abbreviations: PE, point estimate; SE, standard error.

sillar carcinoma, carcinoma of the tongue, and carcinoma of
the oral cavity. The improvement was greatest in patients
aged 55— 64 years for tonsillar cancer and carcinoma of the
tongue, with improvements in survival of 21.9 and 18.5 per-
centage points, respectively (Tables 4 and 5). In both con-
ditions, increasing age was associated with decreasing
survival, with survival in tonsillar cancer ranging from
79.7% for patients aged 15—44 years to 38.2% for patients
aged =75 years (Table 4). The decrease in survival with age
was less pronounced but still present for carcinoma of the
tongue, with the 5-year survival rate ranging from 74.3%
for patients aged 15-34 years to 52.7% for patients aged
=75 years (Tables 4). For carcinoma of the oral cavity, im-
provement in survival was most pronounced in the 15-44
years age group, in which the 5-year relative survival rate
increased by 41.6 percentage points. In each of the above
types of cancer a trend toward longer survival was observed
for patients aged =75 years, but this trend was not signifi-
cant in any case.

Survival improved for all stages as well, but the im-
provement was most pronounced at the “locally advanced”
stage, that is, the stage at which either the disease has grown
beyond the organ of origin or disease is found in the lymph
nodes, in comparison with either earlier disease or later,
metastatic disease. Survival when the cancer was confined
to the organ of origin was >80% in 2002—2006 for tonsillar,
tongue, and oral cavity carcinomas (Table 5). For locally
advanced disease, the 5-year relative survival rates were
73.0% for tonsillar cancer and 59.5% for carcinoma of the
tongue, which represent increases of 24.4 and 19.4 percent-
age points, respectively, compared with 1992-1996 (p <
.0001 for each). Survival for patients with locally advanced
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carcinoma of the mouth showed a smaller but statistically
significant increase at 6.9 percentage points (p < .01). The
5-year relative survival rate decreased greatly for patients
with metastatic disease, with 5-year relative survival rates
of 41.5%, 32.5%, and 29.5% for tonsillar carcinoma, carci-
noma of the tongue, and carcinoma of the oral cavity, re-
spectively for metastatic disease. However, even at this
stage, the 5-year relative survival rate improved by 18.0,
10.5, and 9.3 percentage points, respectively, compared
with survival for the calendar years 1992-1996, although
the increase was not statistically significant for carcinoma
of the oral cavity (Table 5).

Radiation is a frequently used treatment modality in
head and neck cancer patients and is used both for curative
intent therapy, often in combination with chemotherapy,
and for palliation of advanced disease. We examined pa-
tient survival according to whether they underwent radia-
tion therapy. In order to minimize differences resulting
from different stages of disease, only locoregionally ad-
vanced disease was considered. Survival improved for both
patients who did undergo radiation and those who did not,
except for oral cavity cancers, in which the survival rate
was unchanged for those who did not undergo radiation, al-
though a greater increase in survival was observed for pa-
tients who underwent radiation than for those who did not
for all three sites examined and the difference was only sta-
tistically significant for patients who underwent radiation
(Table 6).

DISCUSSION
Our results demonstrate improvements in survival in many
types of head and neck cancer since the 1980s, with the ma-
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oral carcinoma

Table 4. Five-year relative survival rate by age and calendar period for tonsillar carcinoma, carcinoma of the tongue, and

Calendar period

1982-1986 1987-1991 1992-1996 1997-2001 2002-2006
Age group, yrs PE (SE) PE (SE) PE (SE) PE (SE) PE (SE) Difference*  p-value”
Tonsillar
1544 53.6 (6.4) 55(5.1) 59.2 (4.4) 70.9 (3.8) 79.7 (3.2) +20.5 .0006
45-54 48.1 (3.7) 45.2 (3.6) 53.9 (3.3) 66.2 (2.5) 75.8 (1.9) +21.9 <.0001
55-64 40.6 (2.6) 44.8 (2.9)) 45.1 (2.9) 55.5 (3.0) 71.9 (2.4) +26.8 <.0001
65-74 34.3(3.3) 34.9 (3.5) 43.2 (3.3) 47.4 (3.6) 53.6 (4.1) +10.4 .01
=75 23.8(5.3) 29.2 (5.7) 33.3(6.1) 25.3 (4.9) 38.2 (6.5) +4.9 >.5
Tongue
15-44 54.6 (3.7) 58.1(3.2) 60.5 (3.0) 67.7 (2.7) 72.1 (2.5) +11.6 .0006
45-54 42.9 (2.7) 48.6 (2.7) 57.4 (2.5) 62 (2.1) 70.1 (1.8) +12.7 <.0001
55-64 46.1 (2.1) 46.6 (2.1) 46.7 (2.2) 60.9 (2.2) 65.2 (1.9) +18.5 <.0001
65-74 44.6 (2.6) 45.5(2.3) 443 (2.4) 46.9 (2.5) 61.9 (2.6) +17.6 <.0001
=75 41.6 (4.1) 48.5 (4.0) 50.6 (3.7) 39.3 (3.1) 52.7 (3.5) +2.1 3
Oral cavity
1544 59.2 (3.4) 42.7 (2.4) 41.7 (2.4) 69.0 (3.1) 83.3(2.7) +41.6 <.0001
45-54 60.6 (2.2) 56.4 (2.2) 53.8 (2.3) 60.2 (2.3) 62.7 (2.3) 9.9 .006
55-64 54.9 (1.7) 55.7 (1.8) 56.7 (2.0) 57.5(2.2) 64.2 (2.2) +7.5 .02
65-74 52.7 (2.19 53.4 (2.1) 54.3 (2.1) 57.3 (2.3) 62.8 (2.6) +8.5 .007
=75 39.9 (3.2) 52.1(3.3) 44.2 (2.9) 46.7 (2.9) 53.5(3.1) 4.2} 1
“Difference between values in 1992-1996 and those in 2002-2006.
Pp-value for trend 1992—1996 to 2002-2006.
Abbreviations: PE, point estimate; SE, standard error.
Table 5. Five-year relative survival rate by stage for tonsillar and tongue carcinoma
Calendar period
1982-1986  1987-1991  1992-1996 1997-2001  2002-2006
Location and stage  PE (SE) PE (SE) PE (SE) PE (SE) PE (SE) Difference®  p-value”
Tonsil
Local only 62.0 (4.0) 63.0 (4.3) 65.1 (4.2) 60.4 (4.4) 85.9(3.6) +20.8 <.001
Locally advanced  38.2 (2.3) 419 (2.2) 48.6 (2.1) 59.0 (1.8) 73.0 (1.5) +24.4 <.0001
Distant’ 21.2 (3.0) 22.5(3.5) 23.5 (3.7) 43.4 (4.5) 41.5 (4.0) +18.0 .0001
Tongue
Local 67.0 (2.0) 69.6 (1.9) 71.5(1.9) 73.0 (1.8) 82.8 (1.6) +11.3 <.0001
Loc advanced 33.4(1.8) 37.8 (1.8) 40.1(1.8) 49.8 (1.7) 59.5 (1.5) +19.4 <.0001
Distant® 12.2 (2.3) 17.1 2.7) 247 (2.9) 27.0 (2.7) 35.2(2.9) +10.5 .002
Oral cavity
Local 73.4 (1.7) 78.4 (1.6) 77.3 (1.7) 78.4 (1.7) 84.2 (1.7) +6.9 .006
Locally advanced  46.0 (1.5) 46.7 (1.5) 42.9 (1.6) 44.8 (1.6) 49.8 (1.7) +6.9 .002
Distant® 21.7 (3.1) 23.6 (3.4) 20.2 (3.5) 26.0 (4.0) 29.5 (4.3) +9.3 15

“Difference between values in 1992—-1996 and those in 2002-2006.
°p-value for trend 1992-1996 to 2002—2006.
“Includes direct spread into organs beyond organ of origin.
Abbreviations: PE, point estimate; SE, standard error.
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Table 6. Five-year relative survival rate for locally advanced tongue, oral cavity, and tonsillar carcinoma by treatment type
Calendar period
1982-1986  1987-1991  1992-1996  1997-2001  2002-2006
Location, therapy  PE (SE) PE (SE) PE (SE) PE (SE) PE (SE) Difference®  p-value®
Tonsil
No radiation 36.7 (5.3) 33.6 (5.1) 38.4 (5.6) 514 (5.4) 53.5(4.9) +15.1 15
Radiation 39.7 (2.6) 43.7 (2.5) 50.3(2.2) 60.9 (2) 75.6 (1.6) +25.3 <.0001
Tongue
No radiation 36.1 (3.5) 36.8 (3.6) 36.7 (4.2) 38.1(4.2) 53.3 (4) +16.6 N
Radiation 334 (2.2) 39.1(2.2) 41.8 (2) 53.1(1.9) 61.8 (1.6) +20 <.0001
Oral cavity
No radiation 57.1 (2.3) 58.3 (2.5) 60.8 (2.9) 56.1 (3) 58.2(3.2) —2.2 4
Radiation 37.9 (2) 39.4(1.9) 35.2(1.8) 38.8 (1.9) 46.5 (2.1) +11.1 .002
“Difference between values in 1992—-1996 and those in 2002-2006.
Pp-value for trend 1992—1996 to 2002-2006.
Abbreviations: PE, point estimate; SE, standard error.

jority of the improvement occurring within the last decade.
The most impressive improvements occurred between
1992—-1996 and 2002—-2006 in tonsillar carcinoma, cancer
of the tongue, and cancer of the oral cavity. For these can-
cers, survival has improved across all stages of disease,
with the exception of metastatic cancer of the oral cavity.

To our knowledge, this is the first application of period
analysis to a detailed description of survival in head and
neck cancer patients. Earlier population-based studies of
survival in head and neck cancer patients have pertained to
patients diagnosed in, at the latest, the late 1990s. One pub-
lication showed a 5-year survival rate for oral cavity and
pharyngeal cancers of 54.3% in 1974-1976, increasing to
56.3% in 1992-1997 [13]. Overall 5-year survival rates for
individual types of head and neck cancer in this study varied
from about 90% for lip cancer to <30% for hypopharyngeal
cancer. It should be noted that these data cannot be directly
compared with our data because the survival rates quoted
are absolute rather than relative survival rates. Another re-
cent study using data from the SEER database and the On-
tario Cancer Registry showed improved survival in oral
cavity and glottis cancers between 1984—-1986 and 1999 —
2001 [14].

The improvements in survival observed may be a result
of one or more of several reasons. Head and neck cancers
associated with human papilloma virus (HPV) are, in gen-
eral, more sensitive to chemotherapy and radiation than
non-HPV-associated tumors. Several recent publications
have suggested that the incidence of HPV-related tumors
may have increased over the past two decades [15, 16]. This
may have led to some improvement in prognosis for some
head and neck cancer patients and thus to longer survival. In
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particular, tonsillar cancer is commonly associated with
HPYV and has shown remarkable improvement over the time
period studied. Additionally, younger patients are more
likely to have HPV-related tumors, which may help explain
the reason for the greater improvement in survival in
younger patients, especially for cancer of the oral cavity,
than in older patients. However, cancer of the tongue is gen-
erally considered a non—-HPV-related cancer, except for
base of the tongue tumors, and thus the improvement in sur-
vival observed for cancer of the tongue is less likely to be a
result of the increasing prevalence of HPV-related tumors
alone.

Traditionally, surgery and radiation therapy have been
the treatments of choice for most types of head and neck
cancer [17]. Nasopharnygeal cancer is a partial exception,
with concurrent chemotherapy and radiation therapy hav-
ing been the standard of care for all but very small tumors
since the 1990s after having been shown to provide an un-
equivocal survival advantage [18]. In the late 1990s, several
trials comparing radiation therapy alone with concurrent
chemotherapy plus radiation therapy, with or without sur-
gery, in head and neck cancers other than nasopharyngeal
cancer were published. One of the first, published in 1997,
showed similar overall survival rates but longer survival
with organ preservation in patients undergoing combined
therapy [19]. Another study, published in 1999, showed an
improvement in the overall survival rate, as has a recent
meta-analysis [3, 4]. Another meta-analysis showed a small
benefit in terms of survival for patients treated with concur-
rent radiotherapy and chemotherapy, with a calculated ab-
solute benefit of 8% at 5 years [20]. Interestingly, that meta-
analysis found that the survival advantage of chemotherapy
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plus radiation appeared to extend to at least some cases of
stage IV disease, but that there was no statistically signifi-
cant advantage in patients aged =71 years, possibly be-
cause of the relatively small numbers of patients in that age
group [4]. Overall, the use of concurrent chemotherapy and
radiation in the treatment of head and neck cancer patients
has grown and may account for some of the improvement in
survival observed. The fact that survival has improved most
in locally advanced disease, particularly in patients with lo-
cally advanced disease who have received radiation, sup-
ports this hypothesis. The reasons for this are speculative,
because the SEER database does not include potentially
critical information on the use of chemotherapy and the
presence or absence of HPV.

Increased screening and more accurate staging have been
proposed as reasons for the improvement in survival in head
and neck cancer patients [13]. We did not find any trend to-
ward a lower stage of disease, as might be expected if in-
creased use of screening had led to the improvement in
survival observed. However, others have reported a trend to-
ward a lower stage at diagnosis for some head and neck can-
cers, most notably oral cavity cancers, which may be offset by
improved staging, which may tend to upstage some patients
[13]. Thus, we cannot rule out improved staging and early de-
tection as components of the improvement in survival ob-
served, but because improved survival was observed across all
stages of disease, with the exception of metastatic disease in
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oral cancer, it is unlikely that improved staging and screening
account for all of the observed change.

In the interpretation of the results, some limitations
must be kept in mind. First, although period analysis pro-
vides more up-to-date survival data than traditional cohort
analysis, the results still depend partially on survival data
from earlier time periods and so may still be too pessimistic
in the setting of an improvement in survival over time [7, 9].
Second, because the staging systems used by the SEER da-
tabase have changed over time, results for stage-specific
analyses must be approached with some caution. Addition-
ally, even with the use of the large SEER database, the anal-
ysis was limited in some cases by large standard errors,
particularly for the relatively rare tumor types such as oro-
pharyngeal and hypopharyngeal cancer. Finally, the SEER
database does not include data on chemotherapy or biolog-
ical therapy and thus it is not possible to directly examine
the effects of the use of these agents on survival.

In summary, our data suggest that survival has substan-
tially improved over the past decade for patients with most
forms of head and neck cancer.
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