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Abstract

Objective To examine if survival has changed over the
last 20 years in patients with base of tongue and tonsil
cancers in the United States.

Methods Using SEER data, we employed Kaplan—Meier
method to draw survival curves and calculate survival
rates, and estimated adjusted hazard ratios (HR).

Results  From the 1980s to the 2000s, the 5-year overall
survival rates statistically significantly improved by 100%
from 25 to 51% among patients with one primary base of
tongue cancer and 28-60% among those with one primary
tonsil cancer (p values for trend <0.001). In addition,
the 5-year cancer-specific survival improved by 222.4 and
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276%, respectively, among two types of patients. Survival
improvement was more pronounced among male patients
than among female patients regardless of young or old age,
while the improvement was generally consistent among
patients with different tumor stages and treatment methods.
In contrast, however, those patients with subsequent mul-
tiple cancers showed no improvement in overall survival
over time.

Conclusions The survival of patients with base of tongue
and tonsil cancer has significantly improved over the last
decades in the United States. Whether the improvement is
associated with HPV infection, screening, or early detec-
tion is worthy to study in future.

Keywords Base of tongue cancer - Tonsil cancer -
Survival - Time trend - HPV

Introduction

The incidence rates of tongue and tonsil cancers have
significantly increased in recent decades in the United
States, particularly among younger patients [1-4]. The
rising trends of these cancers are a contradiction to the
stable or decreasing trends of other smoking-related oral
and pharyngeal cancers. The cause for this increase has not
been clearly established. It is controversial for the effect of
early oral screening in the increases because the incidences
of other oral cancers did not increase within the same
period [2, 5]. Some investigators suspected that marijuana
use might play a role for the increases [2], but the evidence
of association is weak and has not yet been proved. Many
studies have shown overwhelming evidence for a strong
association between HPV infection and tongue and tonsil
cancers [6-8]. In addition, HPV infection has also been
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substantially increasing in the US populations [9]. HPV has
been found to be most strongly associated with base of
tongue cancer and tonsil cancer, the reported patient
infection rate being 45-100% [6, 10]. Most importantly,
the prevalence of HPV infection was found to be increasing
with time in populations [11] and in patients with base of
tongue cancer [8]. Thus, HPV infection was considered as
the responsible factor for the increasing incidence in ton-
gue and tonsil cancer.

The survival of patients with base of tongue and tonsil
cancers was previously very low: 5-year survival rate of
28-50% [3, 12, 13]. With an increased incidence of HPV-
positive tumors and HPV infections, a change in surviv-
ability in these particular head and neck subsites would
be anticipated. Clinically, HPV-positive oropharyngeal
tumors were found to be very distinct from HPV-negative
tumors, and patients with HPV-positive tumor were con-
sistently demonstrated to have a better prognosis than those
with HPV-negative tumor [10, 14—16]. In addition, patients
with HPV-positive tumors had higher response rates (84%)
after chemoradiation therapy, comparing to patients with
HPV-negative tumors (57%), and their two-year overall
survival rates were also higher (95% vs. 62%) [17].
However, studies examining survival change over time
have been scarce. An Australian study reported that the
5-year survival rate of tongue cancer did not improve over
the 24 years from 1977-1985 to 1986-1993 to 1994-2001
[18]. In addition, a US study indicated that the 2-year
survival rate of base of tongue and tonsil cancers increased
from 1973-1982 to 1983-1992 to 1993-2004 [19].

In this study, SEER data were used to examine the time
trends of change of survival rate among patients with base
of tongue, tonsil, and other tongue cancer in recent dec-
ades. To better observe the trend of survival, we separated
patients into those with one primary cancer and those
with subsequent multiple cancers, and then compared
trend using three non-overlapped periods of 1980-1982,
1990-1992, and 2000-2002.

Patients and methods
Patient data and inclusions

Patient data from the SEER 1973-2006 registry system
were used for analysis. The data was released on April
2009, based on the November 2008 submission [20].
Eligible patients were those aged 20 years or older and
with squamous tongue and tonsil cancer, who were identified
by the International Classification of Disease-Oncology
(ICD-0) morphological and topography codes. The ICD
morphological codes of squamous tumor were 8050 to 8090,
and the ICD site codes of base of tongue cancer were C019,
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other tongue cancers C020 to C029, and tonsil cancer C090 to
C099. We excluded lingual tonsil tumor (C024) from other
tongue cancers since this tumor was considered to have the
same etiological cause as base of tongue and tonsil cancers.

Eligible patients were also classified into two groups of
one primary cancer and multiple cancers because patients
with subsequent multiple cancers are complicated in eti-
ology, and those with a cancer at other sites might have
undergone more treatments and possibly affected in sur-
vival by other treatments. The one primary patient group
included patients with only one primary base of tongue,
tonsil, or other tongue cancer, while the multiple cancer
patient group consisted of patients with subsequent primary
cancers after an initial diagnosis of base of tongue, tonsil,
or other tongue cancer, which excluded patients with base
of tongue, tonsil, or other tongue cancer following a pre-
vious diagnosis of a cancer in any other part of the body.

Patient cohorts

To examine the time trend of survival, we used patients
who were diagnosed in 1980-1982, 1990-1992, and
2000-2002. Three diagnostic periods were arbitrarily
determined as the nature of SEER cancer registry data, and
patients’ survivals during the time periods were assumed to
represent the survivals of the 1980s, the 1990s, and the
2000s. The design of 3-year registry data for each period
was done to obtain more patients for sub-group analyses.
With the design, the possible mutual overlaps of survival
curves, particularly those 5-year or 10-year curves,
between two adjacent periods of time (a common problem
when using cancer registry for survival rate trend analysis)
were removed. For instance, the 1980—1982 patient cohort
generated a maximum non-overlapped 8-year survival
curve from 1980 to 1989, the 1990-1992 cohort from 1990
to 1999, and the 2000-2002 cohort from 2000 to 2009.

A total of 10,704 eligible patients were identified in all
three time periods of the 1980s, the 1990s, and the 2000s as
defined. Of them, 9,187 were those with one primary base
of tongue, tonsil, or other tongue cancer, and 1,517 with
subsequent multiple cancers after an initial diagnosis of
base of tongue, tonsil, or other tongue cancer. Of 9,187
patients with one primary cancer, 2,619 were diagnosed
with base of tongue cancer, 3,225 with tonsil cancer, and
3,343 with other sites of the tongue, while of 1,517 patients
with subsequent multiple cancers, 450 were diagnosed with
a previous diagnosis of base of tongue cancer, 514 with
tonsil cancer, and 553 with other tongue cancer.

Statistical analysis

The Kaplan—Meier method was used to draw survival
curves, and the statistical significance of difference of
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survival curves was tested by log-rank test. In the survival
curve analysis, the overall survival of patients was defined.
In addition, the 5-year overall survival rates were also
calculated for the three periods of time, and the difference
of trend of 5-year survival rate was tested by logistic
regression model [21].

To control the influence of potential confounding
factors, the time-dependent adjusted risks of mortality
were estimated by the Cox proportional hazard model.
Before model analysis, a data set containing covariates
was initially established, which consisted of time periods
(1980-1982, 1990-1992, and 2000-2002), age group (<60
and >60 years), gender (female and male), race (non-
Hispanic white, Black, and other races), tumor grade (well
differentiated, moderately differentiated, poorly differen-
tiated, undifferentiated, and unknown), tumor stage (local,

regional, distant, and unstaged), surgery (yes and no),
radiation treatment (yes and no), follow-up time (months),
and survival status (alive and dead). In the Cox model, the
mortality rate of the 1980s was set as baseline for the
comparison with the 1990s and the 2000s rates. The Cox
model was run separately by subgroups. In the separate
model, both univariate and multivariate-adjusted hazard
mortality ratios and 95% confidence intervals (CI) were
estimated, and the null hypothesis of no death risk dif-
ference for the three time periods was evaluated by the
Wald Chi-Square test. A hazard mortality ratio less than
one with a p value of less than 0.05 indicated a signifi-
cantly improved survival in the 1990s or in the 2000s
when compared to the baseline. In contrast, a ratio of
larger than one conferred a worse survival in the later
decades.
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Results

As shown in Fig. la—c, the 3-period survival curves dif-
fered significantly among patients with one primary cancer,
regardless of the site being base of tongue, tonsil, or other
tongue. The 5-year observed overall survival rates for
the three time periods (1980-1982, 1990-1992, and
2000-2002) were 24.7, 29.9, and 50.5% for base of tongue
cancer (p for trend <0.001), 28.2, 39.3, and 60.0% for
tonsil cancer (p for trend <0.001), and 36.3, 44.6, and
52.4% for other tongue cancers (p for trend <0.001). From
the 1980s to the 2000s, the 5-year observed survivals
increased by 100% for both base of tongue and tonsil
cancers, and 44% for other tongue cancer. The proportion
of improvement of survival was noted to be greater
between the 1990s and the 2000s than between the 1980s
and the 1990s in both base of tongue cancer (68.9% in
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1990s-2000s and 21.1% in 1980s—1990s) and tonsil cancer
(52.7% vs. 39.4%). However, a similar trend was not
observed in other tongue cancer, with the change between
the decades being relatively equal. In contrast to patients
with one primary cancer, the 3-period survival curves for
those with multiple tumors in the base of tongue, tonsil, or
other tongue sites were almost overlapped each other, and
showed no improvement over time (Fig. 1d—f). More par-
ticularly, the survival of patients with multiple other tongue
cancers reduced significantly between the 1980s and the
2000s (Fig. 1F, X(zz) = 11.58, p < 0.001). Our following
analyses were focused on patients with one primary cancer
because those with multiple cancers did not show signifi-
cant survival difference over time.

As shown in Fig. 2, from the 1980s to the 2000s, the
S-year cancer-specific survival increased by 222.4%
(17.4% vs. 56.1%) for base of tongue, 292.3% (16.8% vs.



Cancer Causes Control (2012) 23:153-164

157

Fig. 3 Survival curves for 100 - 100 ~ C Mal
- > e, 20-59 years
patients with one primary base — 901 ".'-6 Female, 20-59 years 90 1 W', v
of tongue and tonsil cancer S 80+ *Stee, ; 80 - Seee ;
= canq {68.0 (62.8-72.7 Seae. ; ¥
during the period of the 1980s, S 701 '---(--._ ) 70 + ---...:96;3,(24'_2_68'4)
the 1990s, and the 2000s by 2 %01 60 1 '
gender and age groups. The S 504__ ok T §_f1_1_.7 (36.8-46.9)
numbers on the right of the [ 40 I i ] 40 P
. . O 30 1 1990-92 i 30 - i26.3 (21.1-32.5)
vertical dot line are the 5-year & | 1980-82 "39.7 (30.7-49.2) 20 S ———
observed overall survival rate a 10 Curve comparison: %%,=48.38, p<0.001 10 Curve comparison:  1%;=269.0, p<0.001
and 95% confidence interval 0 T 5-year sunival rate: %%1=27.66, p for trend<0.001 0 T 5-vear sunival rate: y%,=124.7, p for trend<0.001
T T T T T T T 1 T T T T T T T 1
0 12 24 36 48 60 72 84 96 0 12 24 36 43 60 72 84 96
100 - 100
90 {% B Female, >60 years 90 4% D Male, >60 years
S 80 80 4
z §395(349443) 701 |
= 4 £ 39.5(34.9-44. i { 40.0 (37.1-42.9
? gg [319252389) gg i255 520.9-30_4;
- 7 i 31.1(24.0-38.8) 7 {10.0(15.6:24.7)
c 4 J ;
5 40 40 :
5 2 = 2. -
o 10 4 Curve comParison: Z§(2)=4'26' p=0.119 10 4 Curve comparison: 7_2(2):47A92,‘p<0A001
0 5-year survival rate: 1%;=4.57, p for trend=0.030 0 5.year survival rate: 7%,=48.26, p for trend<0.001
L} T T T T T T 1 T T T T T T T 1
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Survival time from diagnosis (months) Survival time from diagnosis (months)
Female patients Male patients
<60yrs >60yrs <60yrs >60yrs
2000s no. 355 440 2020 1161
1990s no. 107 189 383 346
1980s no. 116 161 249 317
Fig. 4 Survival curves for 100 - 100 .
patients with one primary base — 90 90 4t; C Distant tumor stage
of tongue and tonsil cancer S 80 A 80 1 Curve comparison:  1%»=12.19, p=0.002
during the periods of the 1980s, S 701 70 1 5-year survival rate: 7%;=10.08,
the 1990s, and the 2000s by 7 €01--- 2000 s0s@2ates 0] S
50 R 50 i
tumor stage. The numbers on c 40 e 1990 { 24.9 (20.9-29.5)
the right of the vertical dot line 3 30 - 1980 g ‘;g 7 — £14.0(8.7-20.2)
are the 5-year observed overall 5 204 {452 (36.8.53.3) ol ., “meeeed 147(10.1-20.5)
survival rate and 95% o 10 - Curve comparison: 12;=42.03, p<0.001
confidence interval 5-year sunvival rate: 12¢,,=26.12, p for trend<0.001 10 1
o T T T T T T T 1 0 T T T T T T T 1
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
100 - ) 100 -
90 - B Regional tumor stage 90 4 D Unstaged
T s0d Y™ i
AN :3 |
z 0 ] e 587 (56.9605) 60 . 427 (33.8-52.3)
7 Foeemeaa, creny, £ 21.8 (12.7-33.3)
50 A e 50 - !
E 2 ., 20 te=ea, 237 (13.4-36.0)
a 1 : 1 -, ?
© 30 A :28.0 (22.0-30.5) 30 -
201 . f 20
o 10 4 Curve comparison: 1%»=260.9, p<0.001 10 - Curve comparison: 1%,=6.85, p=0.033
5-year survival rate: 7_2(‘)=158.69, p for trend<0.001 5-year survival rate: 7_7(,)=8.16, p for trend=0.004
0 T T T 1 L] T T 1 0 1 1 1 ] 1 T T 1
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Survival time from diagnosis (months) Survival time from diagnosis (months)
Local Regional Distant Unstaged
2000s no. 441 3004 412 119
1990s no. 135 668 153 69
1980s no. 149 437 197 60

65.9%) for tonsil cancer, and 95.0% (29.9% vs. 58.3%) for
other tongue cancer. In contrast, the increased magnitude
of 5-year noncancer-specific survival was relatively small,

which was 61.4% (51.5% vs. 83.1%) for base of tongue
cancer, 46.9% (59.1% vs. 86.8%) for tonsil cancer, and
39.1% (60.1% vs. 83.6) for other tongue cancer.

@ Springer



158

Cancer Causes Control (2012) 23:153-164

Fig. 5 Survival curves for 100 1 As I 100 i
patients with one primary base _ 904" 5 urgery alone 90 D Patients refused treatments
of tongue and tonsil cancer S 809 Y, 80§ Curve comparison: 7_2(2)=0.88, p=0.645
during the periods of the 1980s, > 701 e e 634 (57.868.8) 70 -1 S-yearsunival rate: y'=4.15, p for trend=0.042
the 1990s, and the 2000s by 3 60 I 60
treatment method. The numbers € ig 1 °°" fggg 343 (34.554.3) 50 - 21.9 (16.8-27.4)
on the right of the vertical dot 8 2 T 1980 :g 1 14.2 (7.3-22.9)
line are the 5-year observed o 20- §42.1 (32.5:51.6) 20 "<~ 11.1.3.4-22.2)
overall survival rate and 95% o 10 4 Curve comparison:  7°»=18.99, p<0.001
confidence interval 5-year survival rate: -/f“,=16.38, p for trend<0.001 10 4
0 L] T L] T T 1 L] 1 0 T T T T T T 1
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
100 - . 100
90 B Radiation alone 90 44 E Patients had no treatment data
© 80 4 W¥s, Cure comparison: %%,=111.8, p<0.001 807 . 2 -
= 70 4 _n.' 5.year sunival rate: X2(1)=72-63‘ 704 L& Curve comParlson.. 7_2(2,_30.38, p<0.001
2 1, for trend<0.001 L1 S-year sunvival rate: y%;)=21.86,
2 60 - e, pio - 604 ‘N p for trend<0.001
50 - Tevea. 504 ten-
€ 404 "'---q‘-f4;6.(.‘1.1;9i7‘1) 40 4 et c e 399 (33.147.22)
§ 30 ..1.265 (22.3:31.3) 30 1 14.3 (5.7-26.3)
& 20 4 ; “monee- 20 4 14.4 (8.521.7)
10 4 {202 (15.9-24.9) 10 4 N
0 L} T L} L} 1 L} L] 1 0 1 T ' Ll Ll T 1
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
100 - Survival time from diagnosis (months)
-. C Surgery+ and Radiation+
= 901 Lo, ge Refuse treatment  No data
2 ?,g : .."“--..._"_5_69.7 (67.5-71.8) 2000s no. 248 195
= 60 [omTeee, 1990s no. 87 51
? 5 e 7 w21528) 1980s no. 49 120
L~ N S L LT T
c 4 -
g 40 :
O 30 - i
o 204 i 37.3(31.1-43.8)
o Curve comparison:  7%,=163.0, p<0.001
10 1 5-year sunival rate: 12‘1,=92.93, p for trend<0.001
o T T L] 1 L] ) T 1
0 12 24 36 48 60 72 84 9

Survival time from diagnosis (months)

Surgery Radiation

2000s no. 309
1990s no. 104
1980s no. 110

To efficiently conduct subgroups analysis, we also
combined patients with base of tongue and tonsil cancers
together. Combining the two for further analysis is rea-
sonable since these two tumors exhibit the similarity in
survival curves and the same high rate of HPV-positivity.
Figure 3 shows the overall survivals for the combined data
of base of tongue and tonsil cancers according to gender
and age. From the 1980s to the 2000s, the 5-year overall
survival increased by 71.3% (p for trend <0.001) and 27%
(p for trend =0.03) in the age groups of 20-59 years and
60 years or older among female patients. In contrast, the
5-year overall survival increased by 152.1% (p for trend
<0.001) and 101.0% (p for trend <0.001) in the two age
groups among male patients.

Figure 4 shows the time-dependent survival curves for
the combined data of base of tongue and tonsil cancers
according to tumor stage. From the 1980s to the 2000s, the
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survivals of base of tongue and tonsil cancers were found
to improve significantly (p < 0.01), regardless of local,
regional, distant, or unstaged tumor status. However, the
largest improved proportion was found in regional stage
tumor (125.8%), and the least in local stage tumor (52.7%).

The survival curves of the three time periods for the
combined data were also examined according to treat-
ment types (Fig. 5). As expected, survival curves were
also significantly different for each type of treatment
(p < 0.001), except for those who refused treatment, whose
survival curves were not significantly different but 5-year
observed survival rates were significantly different.

As indicated in Table 1, the time-dependent changes of
patient characteristics were generally consistent among two
types of patients of one primary base of tongue and tonsil
cancer. Younger, male, or white patients were pronounced
more in the 2000s than in the 1980s. In addition, more
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Table 1 Demography and clinical characteristic among patients with one primary base of tongue and tonsil cancer by time

Patients with base of tongue cancer

Patients with tonsil cancer

1980-1982 1990-1992 2000-2002 1980-1982 1990-1992 2000-2002

Age (years)

20-49 51 (12.8) 100 (21.2) 339 (19.4) 52 (11.7) 118 (21.3) 645 (29.0)

50-59 109 (27.3) 120 (25.5) 604 (34.5) 153 (34.5) 152 (27.4) 787 (35.3)

60-69 150 (37.6) 139 (29.5) 428 (24.5) 155 (34.9) 149 (26.9) 458 (20.6)

>70 89 (22.3) 112 (23.8) 378 (21.6) 84 (18.9) 135 (24.3) 337 (15.1)
Gender

Female 121 (30.3) 121 (25.7) 357 (20.4) 156 (35.1) 175 (31.6) 438 (19.7)

Male 278 (69.7) 350 (74.3) 1392 (79.6) 288 (64.9) 379 (68.4) 1789 (80.3)
Race

White 328 (82.2) 374 (79.4) 1517 (86.7) 358 (80.6) 458 (82.7) 1891 (84.9)

Other race 71 (17.8) 97 (18.6) 232 (13.2) 86 (19.4) 96 (17.4) 336 (15.1)
Tumor grade

Well 58 (14.5) 45 (9.6) 103 (5.9) 52 (11.7) 41 (7.4) 99 (4.5)

Moderately 161 (40.4) 189 (40.1) 632 (36.1) 154 (34.7) 200 (36.1) 842 (37.8)

Poorly 95 (23.8) 179 (38.0) 669 (38.3) 119 (26.8) 231 (41.7) 963 (43.2)

Unknown 85 (21.3) 58 (12.3) 345 (19.7) 119 (26.8) 82 (14.8) 323 (14.5)
Tumor stage

Local 83 (20.8) 72 (15.3) 191 (10.9) 66 (14.9) 63 (11.4) 250 (11.2)

Regional 196 (49.1) 286 (60.7) 1313 (75.1) 241 (54.3) 382 (69.0) 1691 (75.9)

Distant 95 (23.8) 80 (17.0) 196 (11.2) 102 (23.0) 73 (13.2) 216 (9.7)

Unstaged 25 (6.3) 33 (7.0) 49 (2.8) 35(7.9) 36 (6.5) 70 (3.1)
Treatment

Surg” RAD™ 21 (6.1) 34 (7.7) 122 (7.3) 28 (7.4) 53 (9.9) 126 (6.0)

Surgery alone 70 (20.5) 54 (12.3) 134 (8.0) 40 (10.5) 50 (9.4) 175 (8.3)

Radiation alone 138 (40.4) 198 (45.1) 749 (44.9) 190 (49.9) 193 (36.1) 669 (31.7)

Surg* RAD™ 113 (33.0) 153 (34.9) 662 (39.7) 123 (32.3) 239 (44.7) 1144 (54.1)
Survival status®

Alive 70 (17.5) 114 (24.2) 866 (49.5) 97 (21.9) 196 (35.4) 1325 (59.5)

Dead 329 (82.5) 357 (75.8) 883 (50.5) 347 (78.2) 358 (64.6) 902 (40.5)

# 5-year cumulative survival status

patients were diagnosed with poorly differentiated tumor
grade and regional stage tumor, and undergone with both
surgery and radiation treatments in the 2000s than in the
1980s. Compared with the 1980s, the proportion of death
reduced by 38.8 and 48.2% for base of tongue cancer and
tonsil cancer in the 2000s.

Compared to the 1980s, the 5-year mortality risk during
the 1990s fell 12% for both base of tongue and tonsil
cancers after adjusting for the effects of age, gender,
race, tumor grade, tumor stage, and treatment modality
(Table 2). The risk of mortality during the 2000s
decreased approximately 40% for base of tongue cancer
(adjusted HR = 0.59, 95% confidence interval =0.5-0.7,
p <0.001) and tonsil cancer (adjusted HR = 0.60,
0.5-0.7, p < 0.001).

The 5-year mortality risks of the three periods were also
compared for the combined data of base of tongue and
tonsil cancer according to tumor stage, age, and treatment
method (Table 3). This subgroup analysis was focused
only on patients with regional stage tumor because the
numbers of patients with local and distant stage tumors
were too small to analyze. From the 1980s to the 2000s, the
mortality risks for surgery alone, radiotherapy alone, and
combined surgery and radiation therapy were found to
reduce by 77% (adjusted HR = 0.23, 0.1-0.5, p < 0.001),
63% (adjusted HR = 0.37, 0.3-0.5, p < 0.001), and 62%
(adjusted HR = 0.38, 0.3-0.5, p < 0.001) among younger
patients of <60 years. However, the reductions over time
for older patients >60 years with the three different
treatment modalities were relatively small: 27%
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Table 2 The 5-year cumulative mortality risks of the three time periods for patients with one primary base of tongue and tonsil cancer

Deaths/total no. of patients ~ Death rate (%)*  Crude hazard ratio  Adjust hazard ratio (95% CI)°  »* value  p value

Base of tongue

1980-1982 302/399 75.7 Ref. Reference

1990-1992 331/471 70.3 0.84 0.88 (0.7-1.0) 2.60 0.107

2000-2002  857/1749 49.0 0.51 0.59 (0.5-0.7) 54.70 <0.001

p for trend <0.001

Tonsil

1980-1982 320/444 72.1 Ref. Reference

1990-1992 339/554 61.2 0.76 0.88 (0.8-1.0) 2.61 0.106

2000-2002  881/2227 39.6 0.42 0.60 (0.5-0.7) 54.44 <0.001

p for trend <0.001

 Death rates were calculated by the cumulated death numbers within the 5-year follow-up time dividing by the total number of patients

® Hazard ratios were adjusted for the effects of age, gender, race, tumor grade, tumor stage, and surgery and radiation treatments in the Cox

model

(adjusted HR = 0.73, 0.4-1.3, p = 0.312), 23% (adjusted
HR = 0.77, 0.6-1.0, p = 0.042), and 40% (adjusted
HR = 0.6, 0.4-0.8, p = 0.003), respectively.

Discussion

Our study demonstrated a significantly improved survival
trend over the past decades for patients with one primary
squamous cell cancer of the base of tongue, tonsil, and
other tongue sites in the United States. The improvement of
5-year survival from the 1980s to the 2000s was found to
be larger among patients with one primary base of tongue
or tonsil cancer than among those with other tongue cancer
(100% vs. 44%). In addition, the improvement was also
pronounced more between the 1990s and the 2000s than
between the 1980s and the 1990s, cancer-specific survival
than noncancer-specific survival, among younger patients
of <60 years, among male patients, and in regional stage
tumors (versus local or distant stage tumors). Overall, the
improvement of survival was relatively similar between
patients who received surgery alone or those who under-
went radiation therapy as their sole treatment modality.
The large improvement in survival for base of tongue
and tonsil cancers has been unique when compared to the
relative stable survival trends in other smoking-related
cancers including cancers of the oral cavity [22], glottis
[23, 24], and lung [25]. The divergence of trend of survival
between HPV-related base of tongue and tonsil cancers and
tobacco and alcohol related lip and oral cancers may
indicate that the gradually decreased smoking rate since the
mid-1960s [26, 27] did not play a role in the improving
survival trends of base of tongue and tonsil cancers. To
further analyze the relationship between the effects of HPV
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and tobacco and alcohol, we also estimated the 5-year
cumulative mortality risks of the three periods for patients
with cancers of the lip, floor of mouth, and gum and other
mouth sites (Table 4). The results indicated that the mor-
tality risk of lip or floor of mouth cancer decreased 18%,
while that of gum and other mouth site 8% between the
1980s and the 2000s. The decreased proportions of these
three tobacco and alcohol-related cancers were far lower
than that of base of tongue and tonsil cancers, whose
proportions decreased 40% during the same period
(Table 2). It may indicate a possibility that HPV infection
did not substantially affect lip and oral cavity tumors
because both organs are not close to lymphoid tissue unlike
the base of tongue and tonsil. On the other hand, it may
also indicate a possibility that a downward trend of overall
incidence of smoking-related tumors in the United States
has slightly improved the survival of lip and oral cavity
cancers.

A possibility for the improved survival trends is the
effects of early oral screening and early diagnosis and early
treatment of oral cancer. Many studies have attempted to
assess the effectiveness of oral cancer screening in
decreasing the morality of oral cancer. However, a recent
review reported that more evidence needed to find out
whether screening programs are effective in reducing
the mortality of oral cancer [28]. In the United States,
a national preventive service task force in 1996 recom-
mended a careful screening for oral cancer for asymp-
tomatic patients with a history of tobacco or alcohol use
[29]. In our results, the improvements of survival of base of
tongue and tonsil cancers were larger between the 2000s
and the 1990s than between the 1990s and the 1980s.
Therefore, whether the larger survival improvement of the
2000s partially reflects the effect of the recommendation is
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Table 3 The 5-year cumulative mortality risks of the three time periods for patients with one primary regional tumor staged base of tongue and

tonsil cancer by age and treatment

Deaths/total no. of patients  Death rate (%)*  Crude hazard ratio  Adjust hazard ratio (95% CI)b Xz value p value
Patients < 60 years
Surgery alone
1980 — 1982 16/20 80.0 Ref. Reference
1990 — 1992 15/21 71.4 1.08 1.00 (0.5 — 2.2) 0.00 0.999
2000 — 2002 28/112 25.0 0.24 0.23 (0.1 — 0.5) 16.76 <0.001
p for trend <0.001
Radiation alone
1980 — 1982 62/75 82.7 Ref. Reference
1990 — 1992 80/117 68.4 0.69 0.81 (0.6 — 1.1) 1.45 0.229
2000 — 2002 244/564 433 0.35 0.37 (0.3 — 0.5) 43.45 <0.001
p for trend <0.001
Surgt and Rad™
1980 — 1982 40/74 54.1 Ref. Reference
1990 — 1992 60/156 38.5 0.60 0.66 (0.4 — 1.0) 3.90 0.048
2000 — 2002  234/1065 22.0 0.31 0.38 (0.3 — 0.5) 28.01 <0.001
p for trend <0.001
Patients > 60 years
Surgery alone
1980 — 1982 17124 70.8 Ref. Reference
1990 — 1992 17127 63.0 0.98 1.05 (0.5 — 2.1) 0.02 0.891
2000 — 2002 36/69 52.2 0.71 0.73 (0.4 — 1.3) 1.02 0.312
p for trend =0.233
Radiation alone
1980 — 1982 77/100 77.0 Ref. Reference
1990 — 1992 108/150 72.0 0.90 0.92 (0.7 — 1.2) 0.33 0.568
2000 — 2002 324/505 64.2 0.77 0.77 (0.6 — 1.0) 4.13 0.042
p for trend =0.021
Surgt and Rad™
1980 — 1982 44/71 62.0 Ref. Reference
1990 — 1992 72/117 61.5 0.92 0.93 (0.6 — 1.4) 0.16 0.690
2000 — 2002 173/411 42.1 0.61 0.60 (0.4 — 0.8) 8.78 0.003

p for trend <0.001

 Death rates were calculated by the cumulated death numbers within the 5-year follow-up time dividing by the total number of patients

° Hazard ratios were adjusted for the effects of gender, race, and tumor grade in the Cox model

worthy to speculate. A UK study showed that the proba-
bility of visiting a dentist regularly was low in those at
greatest risk of oral cancer and this was most striking in the
case of smoking [30]. It is more plausible that cancers of
the tongue and tonsil may be diagnosed easier and earlier
during oral screening, thus increasing the survival of these
two cancers to certain degree.

Another possibility is the influence of change of some
treatment methods, particularly hyperfractionated radio-
therapy [31-35] and concurrent chemotherapy [36, 37]. As
noted by previous study, however, the substantial 5-year
survival benefit was quite small for oral cavity cancer, only

about 3 and 8%, if comparing hyperfractionated to con-
ventional radiotherapy [19]. Such a small treatment benefit
is apparently not proportional to the actual 80-100% sur-
vival improvement in base of tongue and tonsil cancers, as
observed in our study. Furthermore, our result did not
support the influence of change of radiation methods as
well. For instance, patients with surgery alone who did not
have radiotherapy also had the same improved survival
trend as seen in those with radiotherapy alone. As to the
effect of chemotherapy on survival trends, we could not
evaluate it directly because SEER data do not provide
information on chemotherapy to the public. However, we
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Table 4 The 5-year cumulative mortality risks of the three time periods for patients with one primary lip, floor of mouth, and gum and other

mouth cancers

Deaths/total no. of patients  Death rate (%)*  Crude hazard ratio  Adjust hazard ratio (95% CI)b Xz value p value

Lip

1980 — 1982 267/726 36.8 Ref. Reference

1990 — 1992 220/661 333 0.86 0.81 (0.7 — 1.0) 5.38 0.020

2000 — 2002 346/1311 26.4 0.87 0.82 (0.7 — 1.0) 5.57 0.018
Floor of mouth

1980 — 1982 381/536 71.2 Ref. Reference

1990 — 1992 331/486 68.1 0.91 0.93 (0.8 — 1.1) 0.91 0.339

2000 — 2002 549/951 57.7 0.81 0.82 (0.7 — 0.9) 8.59 0.003
Gum and other mouth

1980 — 1982 504/678 74.3 Ref. Reference

1990 — 1992 486/676 71.9 1.00 1.06 (0.9 — 1.2) 0.73 0.392

2000 — 2002  1,046/1,691 61.9 0.90 0.92 (0.8 — 1.0) 2.48 0.115

# Death rates were calculated by the cumulated death numbers within the 5-year follow-up time dividing by the total number of patients

® Hazard ratios were adjusted for the effects of age, gender, race, tumor grade, tumor stage, and surgery and radiation treatments in the Cox

model

estimated that the effect of chemotherapy might be also
unimportant for the significantly increased survival trend
according to the reported small benefit for head and neck
cancers [38].

The similar improved survival trends in surgical and
radiation treatments may indicate a possibility of influence
of other non-treatment factors. A particularly possible non-
treatment factor is the influence of HPV infection. In our
result, the improvement of survival was found to be larger
in young patients than in old patients, particularly in those
with regional stage tumor, which was consistent to the
significant increase of incidence rate in young population
in recent years [2, 3, 19]. Because of the strong association
between HPV infection and base of tongue and tonsil
cancers and having no clues or evidence from other factors,
the effect of HPV infection on the improved survivals of
both cancers is quite likely.

We noted that the improvement of survival was pro-
nounced greater among patients with base of tongue or
tonsil cancer than those with other tongue cancer (100% vs.
44%). The result seemed to be consistent with the higher
frequency of HPV infection in the base of tongue and the
tonsil sites than in the other tongue sites. It is unclear why
HPV preferentially infects the base of the tongue and the
tonsil. Perhaps it is related with the nature of the epithelium
of the base of tongue and the tonsil and the infection is
close to lymphoid tissue.

We classified patients as two types of single primary
cancer and multiple cancers because we thought that
patients with multiple cancers were complicated in etiology
or in treatment. It is quite possible that patients with a
cancer at other sites might have undergone more cancer
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treatments, and they were also more difficult to be treated
than those with single primary cancer. Our results proved
the necessity for distinguishing one primary cancer from
multiple cancers, in which multiple cancer survival did not
improve with time, and conversely it decreased in other
tongue cancers excluding base of tongue cancer.

In the study, we used an equal 7-year observed time to
describe survival curve for each period of 1980-1982,
1990-1992, and 2000-2002. The 7-year time frame is the
length of time that patients were followed up for mortality
events. The methodological consideration is necessary for
survival trend analysis in the use of cancer registry
patients, for whom follow-up time varies. For instance, the
1980s data contains 27 follow-up years from 1980 to 2006,
the 1990s 17 years from 1990 to 2006, and the 2000s
7 years from 2000 to 2006. Our limitation to 7-year
observational time helped to accurately observe 5-year
survival because of a time lag between cancer diagnosis
and reporting in SEER data.

Our study did not specifically list results on patients with
lingual tonsil (C024) because the numbers of patients were
very small in SEER data, only 6 patients in the 1980s, 7 in the
1990s, and 42 in the 2000s. Although the number of patients
with lingual tonsil was small, the survival of patients with this
cancer also tended to improve with time, whose 5-year sur-
vival rate was 54% in the 1980s and 79% in the 2000s.

In conclusion, survival has significantly improved from
the 1980s to the 2000s among patients with base of tongue
or tonsil cancer as well as among patients with other tongue
cancer. The reason of the improvement has not been well
understood. Because of the reported strong association of
HPV infection with base of tongue and tonsil cancers in
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incidence and in prognosis, we suspect that the time-
dependent improvement may be related with increased
HPV infection among patients. In addition, screening or
early detection may also contribute to the partial effect of
the elevated survival. Our results of significantly improved
survival provide important clinical implication for treating
base of tongue and tonsil cancer, and possible HPV
infection mechanism will help to study other cancer
survivals.
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