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Summary The clinical course of early squamous cell carcinoma of oral tongue (OTSCC) is
unpredictable and various histopathologic parameters of the primary tumour have been sug-
gested as prognostic factors to be used in clinical decision-making. We reviewed clinicopatho-
logic data of 73 patients diagnosed with Stage I–II OTSCC. Predictive value of pathological T-
stage, depth of infiltration, grade, and mode of invasion with respect to local recurrences,
occult cervical metastases, and disease specific survival (DSS) was analysed. Depth of infiltra-
tion and pT-stage significantly predicted occult nodal disease, while only pT-stage predicted
local recurrence. Specific cut-off value for depth of infiltration separating high-risk and low-risk
patients was not found. Significant correlations between the histopathologic parameters and
DSS were not found. We conclude that depth of infiltration predicted occult nodal disease
but its value in clinical decision-making is limited because of poor specificity when using a
cut-off value that offers reasonable sensitivity for finding the patients with occult nodal dis-
ease. The risk for occult metastases and local recurrence was high in patients with pT2
tumours.
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Introduction

The clinical course of early squamous cell carcinoma of oral
tongue (OTSCC) is fairly unpredictable. For the majority of
patients, surgical peroral excision of the primary tumour
would be adequate treatment to cure the disease. However,
.
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the incidence of occult metastasis is relatively high 1–4 and
despite the advances in modern imaging technology, histop-
athologic examination of neck dissection specimen is still
the only reliable way to detect the subclinical metastases.
Treatment failures with even fatal outcome can occur in pa-
tients who initially have had very small primary tumour with
no clinical evidence of metastatic disease.1,4 The results of
salvage treatment of locoregional recurrences are generally
reported poor.4–6 Finding the patients who are at greatest
risk for occult cervical metastases and poor survival is
essential in the treatment planning in this patient group.
This has led to the search for various histopathologic param-
eters of the primary tumour that would predict the clinical
course of the disease.

The size of the primary tumour has been shown to have
prognostic significance in predicting nodal involvement
and survival in patients with OTSCC, thickness of the tumour
being more important than the greatest diameter.3,7–16 In
some studies, the morphology of the invasive front of the
tumour has had predictive value.9,17,18 Tumour grade (de-
gree of differentiation) seems to have no value as a prognos-
ticator.11,13,15,16,19 It has been suggested, that tumour
thickness should be used to indicate tumour size in the
TNM classification system instead of tumour diameter.15

However, controversy exists regarding the critical tumour
thickness, or depth of infiltration, identifying the patients
with high-risk of nodal involvement and poor prognosis. In
previous studies of patients with OTSCC, the suggested va-
lue for critical tumour thickness (or depth of infiltration)
has varied from 3 to 10 mm, being most often 4 mm.3,7–16

In a recent review including all oral cavity tumour sites
the critical tumour thickness (or depth of infiltration) varied
from 1.5 mm to 10 mm being most often 3–5 mm.20 The
authors pointed out that the measurement technique has
not been uniform in different studies and therefore the re-
sults are not fully comparable. Therefore, more studies with
comparable measurement technique are needed to reach a
consensus on this topic.

The aim of this study was to analyse whether depth of tu-
mour infiltration, pT-stage, mode of tumour invasion, or tu-
mour grade predict occult metastases, survival or local
recurrence in patients with Stage I–II OTSCC at our institu-
tion. In addition, we wanted to find out if a critical depth of
infiltration can be found for clinical decision-making.
Patients and methods

Clinicopathological data of 141 patients diagnosed with
OTSCC at the Helsinki University Central Hospital (covering
an area of 1.4 million inhabitants) between 1992 and 2002
were reviewed. The local Ethics Committee approved the
study protocol. Only patients with tumours clinically de-
fined as T1/T2 N0, original histopathological material avail-
able for review and a clinical follow-up data with a
minimum of 24 months or until death were included in the
study. Seventy-three patients were eligible for the inclu-
sion. All patients were surgically treated with curative
intent.

Hospital records were reviewed and data on patient char-
acteristics, treatment, histopathology, and follow-up were
collected. The dates and causes of death were provided
by Statistics Finland (a national agency of population statis-
tics). The histopathological paraffin sections of each patient
were reviewed by a single, experienced Head and Neck
pathologist (I.L.) and depth of infiltration, grade, greatest
diameter, and mode of invasion of the primary tongue tu-
mour were re-analysed. Mode of invasion was classified into
one of three fundamental categories: pushing-border, dif-
fuse or destructive. Depth of infiltration was measured from
the level of the adjacent normal mucosal surface to the
deepest portion of the tumour invasion in the tongue muscu-
lature using a field arrow measurement system provided by
the microscope manufacturer. Measurements were ex-
pressed at an accuracy of 0.1 mm. We also intended to ana-
lyse the resection margins. However, many patients had
first had excisional biopsies or biopsies of the resection mar-
gins making determination of the full resection margins
unreliable and therefore this parameter was omitted.

Only re-analysed histopathological data were used in the
analysis. In the case of tumours of large diameter, measur-
ing and reconstructing the greatest tumour diameter from
histopathological sections of previously dissected surgical
specimens is less reliable than the original measurement.
Therefore original histopathologic data were used in these
cases. Re-analysis of data on tumour diameter was carried
out only when original data were not available. According
to the pathologically analysed tumour diameter, the tumour
was classified as pT1 (620 mm) or pT2 (21–40 mm).

In patients who had not had an elective neck dissection
(END), occult neck disease was defined as a histologically
proven neck metastasis detected during the follow-up with-
out failure at the primary site. Cervical metastases in pa-
tients with recurrent primary tumour were not considered
occult metastases, because the nodal spread may have oc-
curred after the initial treatment. In patients who had had
an END, occult neck disease was defined as presence of
microscopic disease on the histopathological examination
of the neck dissection specimen. One patient with prophy-
lactic neck irradiation only was not taken into account when
assessing the correlations between histopathological param-
eters and occult metastases.
Statistical analysis

In order to compare the difference between two propor-
tions f1 and f2, we performed the following statistical test.
If the null hypothesis is true, f1 and f2 are both estimators
for the same proportion f. The pooled estimator for f is

f̂ ¼ n1f1 þ n2f2
n1 þ n2

;

where n1 and n2 are sample sizes. The test statistic is de-
fined as follows

z ¼ f1 � f2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
f̂ 1� f̂
� �

ð1=n1 þ 1=n2Þ
r ;

which is approximately normally distributed with zero mean
and unit variance.21

The Wilcoxon rank-sum test can be used in the compari-
son of two populations.21 It is especially sensitive to differ-
ences in location, thus, the null hypothesis is that the



Table 1 Clinicopathological features of study cohort

No. of patients (%)

Total number of patients 73

Gender
Female 37 (51)
Male 36 (49)

Age (y)
Range 23–95
Median 59

Clinical T-classification
cT1 35 (48)
cT2 38 (52)

Treatment of the primary tumour
Resection 40 (55)
Resection + Radiotherapy 33 (45)

Neck treatment
Observation 31(43)
Neck dissection 9 (12)
Neck dissection + Radiotherapy 32 (44)
Radiotherapy 1(1)

Tumour site
Lateral border 61 (84)
Ventral surface 9 (12)
Tip of tongue 2 (3)
Dorsum 1 (1)

Mode of the invasive front
Pushing border 34 (47)
Diffuse 28 (38)
Destructive 11 (15)

Histological grade
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medians of populations are equal. Since the test is nonpara-
metric, no assumptions on parametric distributions of pop-
ulations are made.

The Pearson’s coefficient of correlation q defines the
strength of linear dependency between two random vari-
ables X and Y.21 The value of correlation coefficient is in
the range q 2 [ � 1,1] and the values of q near �1 or 1 indi-
cate strong linear dependency. It was used to illustrate the
dependency between the depth of infiltration and the great-
est diameter.

The Kaplan–Meier method was applied in the analysis of
disease specific survival (DSS) of two populations. The dif-
ferent follow-up times of the patients were taken into ac-
count, i.e. the patients whose follow-up was less than 5
years were censored. In the survival curves, the tick marks
represent the time when one patient was censored. The dif-
ference of two survival curves was statistically tested using
log-rank test.22

The analysis of separating patients with and without oc-
cult metastases based on the depth of infiltration was car-
ried out using the bootstrap re-sampling procedure. The
accuracy of the statistical estimates can be assessed using
the bootstrap without making any assumptions of underlying
probability distributions.23 Let (x1, . . .,xm) and (y1, . . ., yn)
indicate the measurements of the depth of infiltration of
the patients with and without the occult metastases,
respectively. For a given cut-off point c, the proportion of
true negatives f0 is the proportion of yj, j ¼ 1; . . . ; n being
less than c and the proportion of true positives f1 is the pro-
portion of xi, i ¼ 1; . . . ;m being greater than c. The boot-
strap replications f�0 and f�1 are calculated from the
bootstrap samples ðx�1; . . . ; x�mÞ and ðy�1; . . . ; y�nÞ. The boot-
strap samples are randomly drawn with replacement from
the original data (x1, . . .,xm) and (y1, . . .,yn), that is, some
original data points may appear zero times, some once,
some twice, etc. in the bootstrap sample. The re-sampling
procedure is repeated B times, which produces B bootstrap
replications f�0 and f�1. These replications formulate the
empirical distributions of f0 and f1. The medians of the
bootstrap replications f�0 and f�1 are used as estimates of f0
and f1. The accuracy of estimates can be assessed using
quantiles of the bootstrap replications. The medians and
quantiles are used, since they describe properly also skewed
distributions and distributions with outliers.

The results were considered significant when the p value
was <0.05.
Well differentiated (G1) 24 (33)
Moderately differentiated (G2) 35 (48)
Poorly differentiated (G3) 14 (19)

Pathological T-classification
pT1 49 (67)
pT2 24 (33)

Occult cervical disease
Yes 23 (32)
No 49 (67)
Not defined 1 (1)

Local recurrence
Yes 9 (12)
No 64 (88)
Results

Seventy-three patients met the inclusion criteria. There
were 36 males and 37 females (median age 59 years, range
23–95 years). The clinical T classification was as follows:
T1:n = 35 (48%), T2:n = 38 (52%). All patients were staged
N0 after clinical and radiological assessment. The assess-
ment of the cervical lymph nodes consisted of palpation
only in five patients. For the rest of the patients, imaging
of the neck was performed as follows: CT:n = 19, ultraso-
nography: n = 15, MRI: n = 34. All patients underwent resec-
tion of the primary tumour (60 without reconstruction and
13 with reconstruction of the surgical defect). In 31 patients
there was no further treatment primarily. Forty-two pa-
tients received elective neck treatment. The clinico-patho-
logical characteristics of the study cohort are presented in
Table 1.

The overall rate of occult cervical metastases was 32%
(23/72). The rates of occult metastases for patients with
pT1 and pT2 tumours were 23% (11/48) and 50% (12/24),
respectively (p < 0.05). Depth of infiltration and pT-stage
significantly predicted occult cervical metastases. The dif-
ference between proportions of the patients with occult



Table 2 Different cut-off points in depth of infiltration

Depth of

infiltration

Patients

with occult

Metastasis (%)

No. of

cases

p value 5-year

DSS (%)

p

value

62 mm 2 (14) 14 0.057 78 NS

>2 mm 21 (36) 58 81

63 mm 2 (11) 18 <0.05 83 NS

>3 mm 21 (39) 54 79

64 mm 5 (18) 28 <0.05 82 NS

>4 mm 18 (41) 44 79

65 mm 6 (17) 35 <0.01 82 NS

>5 mm 17 (46) 37 79

66 mm 10 (23) 44 <0.05 85 NS

>6 mm 13 (46) 28 75

DSS, disease specific survival; NS, non significant.

Figure 1 Correlation between the depth of infiltration and
the greatest diameter is 0.63 and the 95% confidence interval is
[0.47, 0.75].
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metastases was significant with different cut-off values of
depth of infiltration (Table 2). Mode of invasion classified
as pushing-border resulted in significantly less occult metas-
tases than classification as diffuse (p < 0.05) but no other
correlations existed between the different invasion mode
groups (pushing-border vs. destructive: p = 0.29, diffuse
vs. destructive: p = 0.29). Tumour grade did not have any
correlation with the presence of occult metastases.

The overall rate of local recurrence was 12% (9/73). Of
the histopathological parameters studied, only pT-stage
was found to significantly predict local recurrence. The
rates of local recurrence for pT1 and pT2 tumours were
6% (3/49) and 25% (6/24), respectively (p < 0.05).

Significant correlations between the histopathological
parameters and survival were not detected.

The differences in median depth of infiltration between
different patient groups are presented in Table 3.

A positive correlation existed between the greatest tu-
mour diameter and depth of infiltration, as shown in Fig. 1.
Table 3 Median depth of infiltration

No. of
patients

Median depth
of infiltration (mm)

p-value

Occult neck disease
Yes 23 8 <0.05
No 49 5

Local recurrence
Yes 9 8 NS
No 64 5

Dead of disease
Yes 13 8 NS
No 60 5

T-Stage
pT1 49 4 <0.001
pT2 24 9

NS, non significant.
The 5-year DSS rates for patients with and without occult
metastases were 65% and 91%, respectively (Fig. 2). The
5-year DSS rates for patients with and without local recur-
rence were 33% and 90%, respectively (Fig. 3).

Discussion

Clinical and histopathological data of 73 patients with Stage
I–II OTSCC treated at a single tertiary care centre according
to a consensus protocol during a 10-year period were re-
viewed. Depth of tumour infiltration, pT-stage, tumour
grade, and mode of tumour invasion were re-examined
and their ability to predict local recurrences, occult cervical
metastases, and survival was analysed. Depth of infiltration
and pT-stage were found to correlate significantly with the
rate of subclinical nodal metastases. A specific cut-off value
for the depth of infiltration separating high-risk and low-risk
patients was not found. These results are in concordance
Figure 2 Cumulative disease specific survival (DSS) for
patients with occult metastases (dashed line) and without
occult metastases (solid line) evaluated using the Kaplan–Meier
method. The difference in survival was statistically significant
(p < 0.01) according to log-rank test.



Figure 3 Cumulative disease specific survival (DSS) for
patients who had local recurrence (dashed line) and for those
who did not have local recurrence (solid line) evaluated using
the Kaplan–Meier method. The difference in survival was
statistically significant (p < 0.001) according to log-rank test.

Figure 4 Empirical cumulative distribution functions of depth
of infiltration for the patients without (solid line) and with
occult metastases (dashed line). The steady increase of the
curve of patients with occult metastases indicates that risk of
occult metastases increases steadily with increasing tumour
thickness. The significance of difference between the distribu-
tions was tested using Kolmogorov–Smirnov test (p < 0.05).
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with previous studies, in which the thickness (or depth of
infiltration) 3,7,9,10,12,13,15,16 and the greatest diameter 3,12

of the primary tongue tumour have been found to predict
occult neck disease in patients with early tongue tumours.

The high proportion of occult metastases in patients
with pT2 tumours (50%) in the present study emphasizes
the importance of elective neck treatment in this patient
group. Most institutions advocate END as it allows definite
pathologic staging of the cervical lymph nodes. It is recom-
mended, that levels I–IV should be removed when treating
patients with OTSCC.24,25 In our study, two patients with a
very superficial pT1 tumour (depth of infiltration 1.3 mm
and 1.5 mm) had occult metastasis pointing out that the
risk of subclinical metastasis has to be considered in prac-
tically all patients diagnosed with OTSCC. Therefore, path-
ologic staging of the cervical lymph nodes seems to be
warranted also in patients with T1 tumours, for whom sen-
tinel lymph node biopsy may prove to be the most suitable
method instead of END.26

Due to limitations of depth and size of a biopsy speci-
men, a reliable estimation of the histopathological param-
eters necessitates the evaluation of the whole tumour
block. Therefore, these parameters can reliably be applied
to clinical decision-making only when the whole primary
tumour has first been excised and assessed. The measure-
ment technique of the tumour thickness, or depth of infil-
tration, in different studies has not been uniform.
Measurements from the level of normal mucosa (depth of
infiltration) 9,10,12,16 from the level of basal membrane
(depth of infiltration),14 or from the surface of the tumour
(tumour thickness) 15,27 to the deepest portion of the tu-
mour infiltration have been used. In some studies the
method of measurement has not been defined.3,7,11,13

Hence, the results of the studies are not fully comparable.
A tongue tumour can be exofytic or more often ulcerated.
The critical aspect in the growth of a tongue tumour is
probably the deep invasion into the tongue musculature,
in which the vascular invasion and metastatic spread are
likely to occur, and not the exofytic growth. Therefore,
measuring the depth of infiltration from the level of the
normal mucosa provides more accurate measure on the
depth of tumour infiltration in the tongue tissue for prog-
nostic consideration than tumour thickness measured from
the surface of the tumour. The measurement technique
should be standardised in future studies to enable compar-
ison of studies.

Many previous studies have stated a critical tumour
thickness (or depth of infiltration) separating the high-risk
and low-risk patients. According to our results it seems,
however, that such a clear cut-off point cannot be defined.
There is a risk of metastatic disease even in patients with
very superficial tumours and the risk seems to increase quite
linearly with increasing depth of infiltration (Fig. 4). Thus,
there is probably no clinically relevant depth of infiltration
a tumour must reach before it can metastasize. In the
present study, 5.5 mm depth of infiltration as a cut-off point
had the best overall accuracy in separating patients with
and without subclinical nodal disease (Fig. 5). As shown in
Figure 5, with the cut-off point at 5.5 mm, approximately
65% of both patient groups with and without occult
metastases would be classified correctly. Then, however,
a considerable proportion of occult metastases are over-
looked. If the cut-off point is moved downwards to increase
the sensitivity, the specificity falls rapidly resulting in ‘‘at
risk’’ status of many true negative necks. Thus, as a tool
for clinical decision-making (elective neck treatment or
not), depth of infiltration is far from optimal.

We found only pathological T-stage to predict local
recurrences. A considerable proportion of patients with
pT2 tumours had locally recurrent disease (25%) and the
outcome of these patients was quite miserable (Fig. 3).
Assessment of also the resection margins would have been
important, as increasing tumour size leads more often to
close or involved resection margins, as demonstrated by
Sutton et al. 28 In their study, the incidence of local recur-
rences was highly dependent on status of the resection
margins. Van Es et al. 29 concluded that when excision of



Figure 5 Proportions of correctly classified patients with
either true negative necks (dots) or occult metastases (circles)
with different cut-off values of the depth of infiltration used as
a decision variable to recognise patients with occult metasta-
ses. The solid line with dots indicates specificity and the dashed
line with circles indicates sensitivity. They are medians from
1000 bootstrap replications. At the crossing of the curves, the
overall accuracy is at its best. The dotted lines represent the
16% and 84% quantiles obtained using the bootstrap method
reflecting the uncertainty.
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a T1 or T2 primary tumour in oral tongue or floor of mouth is
performed with good margins, local recurrences are rare
(4%) and not linked to any other histopathologic variable.
As discussed previously, we had to omit the assessment of
resection margins, because these data could not be mea-
sured accurately afterwards and original data was not avail-
able in many cases.

In our study, mode of invasion classified as pushing-bor-
der resulted in significantly less occult metastases than that
classified as diffuse; no other significant differences were
found between the proportions of patients with occult
metastases in different invasion mode groups, however.
This may be due to small sample size; only 11 patients
had tumours with invasion mode classified as destructive.
In the studies by Fukano et al. 9 and Sawair et al. 30 the inva-
sion mode was found to significantly predict nodal metasta-
ses. With respect to tumour grade, our study confirmed
many former studies, in which the grade of the primary tu-
mour does not seem to have predictive value,11,13,15,16,19

though opposite findings have also been reported.3,12 Lack
of a significant correlation, however, seems to be the gen-
eral experience of head and neck cancer surgeons and
pathologists alike, and the present results tend to reaffirm
that view. The strength of present data lies in consistent
criteria of grading applied by a single pathologist throughout
the study, as well as the well-documented clinical data of a
patient material from a single institution practise.

In the present study, none of the histopathologic param-
eters examined had prognostic significance with respect to
survival. This contradicts many previous studies, in which
the tumour thickness or depth of infiltration, 7,8,11,14–16,27

diameter,8,14 and invasion mode 18 have been found to have
prognostic value.

In conclusion, depth of infiltration and pT-stage were
found to significantly predict occult cervical metastases,
while only pT-stage predicted local recurrences. Significant
correlations between histopathological parameters and sur-
vival were not found. A specific depth of infiltration sepa-
rating high-risk and low-risk patients was not found. The
value of depth of infiltration in clinical decision-making is
limited because of poor specificity when using a cut-off va-
lue that offers reasonable sensitivity for finding the patients
with occult metastases.
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