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Abstract
Aim—To assess the clinical value of malig-
nancy grading systems compared with
nuclear DNA content, protein p53, and
angiogenesis for predicting recurrence of
stage I (UICC, 1987) tongue carcinomas.
Methods—Histopathogical malignancy
grading according to Jakobsson and
tumour front grading according to Bryne
et al were performed on haematoxylin and
eosin slides. DNA analysis was performed
by image cytometry. Protein p53 and ang-
iogenesis were evaluated by immunohisto-
chemical analysis using antibody CM1
and antibody against factor VIII related
antigen, respectively.
Results—49 patients with stage I carcino-
mas of the mobile tongue were included,
all treated by local surgical excision alone.
Eight patients (16%) suVered from local
recurrence during follow up, and 13 (27%)
had regional recurrence. Both Jakobsson’s
malignancy grading system and p53 im-
munoreactivity proved to be useful pre-
dictors of regional recurrence in a Cox
multivariate regression analysis.
Conclusions—Histopathological malig-
nancy grading systems provide valuable
prognostic information and can still com-
pete with current biological markers in
this respect.
(J Clin Pathol 1999;52:35–40)
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The TNM classification according to the
Union Internationale Contre le Cancer
(UICC) or American Joint Committee on
Cancer (AJCC) has long been the standard for
classification of tumours, serving as a guideline
for treatment of carcinomas of the head and
neck. Furthermore, pathologists state their
opinion on the grade of diVerentiation, as
defined by Broders,1 which may modify
treatment strategies. Both methods of descrip-
tion are subjective and show poor reproduc-
ibility. In addition, even though patients with
localised small, well diVerentiated tumours
tend to fare better, neither TNM classification
nor grade of diVerentiation give suYcient pre-
dictive information for optimising the treat-
ment of the individual patient.

To systematise the histopathological evalua-
tion of tumour specimens, Jakobsson intro-
duced a malignancy grading system where both
tumour cell characteristics and tumour–host
relations were taken into account.2 This system
was successfully applied by others, but has not

been widely used, perhaps being too time
consuming.3–5Further development of Jakobs-
son’s system has been done by Anneroth et al
and by Bryne et al.6 7 Bryne’s tumour front
grading system—in which a small number of
variables is applied only to the interface
between the tumour and the host—has been
shown to be useful prognostically, to be time
eVective, and to have good inter- and intraob-
server reliability.8–10

Current research on prognostic factors has
mainly concentrated on biological markers, for
example changes in proto-oncogenes and
tumour suppressor genes that lead to cellular
transformation and tumour progression. Nu-
clear DNA content reflects the genetic instability
of a tumour cell population and has been
shown to have prognostic value for small head
and neck tumours.11 Image cytometry (ICM)
DNA analysis is a reproducible and easily
applied method. Loss of p53 tumour suppressor
function is considered to be the most commonly
found genetic change in many solid tumours.
Accumulation of the protein p53, usually the
result of p53 gene mutation which causes a
prolonged half life of the protein, can be
detected by immunohistochemical staining
(IHC) in about 30–70% of oral squamous cell
carcinomas. However, the prognostic value of
IHC p53 analysis shown by some investigators
has been rejected by others.12–14

Nuclear DNA content and p53 immuno-
staining are both tumour cell related factors.
However, interactions between the neoplastic
cells and the host also play a crucial part in
tumour development and progression. Tumour
angiogenesis is an index of the tumour–host
relation. Tumours induce their own neovascu-
larisation and the vessels can be detected by
immunohistochemical methods, for example
by staining factor VIII related antigen in the
endothelial walls. Some investigators have
claimed that tumour angiogenesis is prognosti-
cally useful in diVerent types of tumours,
including head and neck cancer, while others
have not found this to be so.13 15–18

Our aim in this study was to estimate the eY-
cacy of malignancy grading in predicting the risk
for recurrence, compared with image cytometry
DNA analysis and immunohistochemical stain-
ing of p53 and factor VIII in stage I squamous
cell carcinomas of the mobile tongue.

Methods
MATERIAL

Fifty four patients suVering from stage I
(UICC, 1987) squamous cell carcinoma of the
mobile tongue were collected from the files of
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the ENT department of Karolinska Hospital
1980–1990 and from a Swedish multicentre
study, 1974–1986. Five patients were excluded
because the specimens were unsatisfactory and
not evaluable. Thus the study comprised 49
patients: 25 males, mean age 63 years (range 38
to 80 years), and 24 females, mean age 65 years
(36 to 88 years).

The patients’ records were reviewed for
clinical data. All the patients were previously
untreated. The single primary treatment for all
tumours was a wedge excision, with at least a 1
cm macroscopic tumour-free margin. All the
specimens included in this study had tumour-
free margins. Mean follow up time was 68
months (median 66, range 6 to 175 months).

LABORATORY PROCEDURES

Three serial sections (4 µm thick) were cut
from archival formalin fixed, paraYn embed-
ded specimens. The first section was stained
with haematoxylin and eosin (H&E) for
histopathological analysis, and the second was
stained according to the Feulgen technique for
image cytometry DNA analysis.19

The third section was deparaYnised in
xylene and passed through a graded ethanol
series. These sections then underwent a 15
minute treatment with 0.05% protease
(Labkemi/Sigma-Aldrich), and after blocking
with 0.5% H2O2 in water and 1% bovine serum
albumin (BSA) in phosphate buVered saline
(PBS), p53 rabbit polyclonal antibody CM1
(Novocastra) (1:700 in 1% BSA) was added
and the sections were incubated overnight at
4°C in a humidified chamber. After washing,
the slides were incubated with biotinylated
antirabbit IgG. A third layer of ABC Vectastain
Kit Elite (Vector Laboratories) and diamino-
benzidine (DAB) was added. Finally a weak
counterstain was used to visualise the nuclei.

A fourth slide was prepared and developed in
the manner described, but was stained for fac-
tor VIII related antigen (Dako).

DNA measurement
For quantitative DNA analysis, we used a den-
sitometric device, the Ahrens image analysis
system (Bargtheide). The DNA content of 100
nuclei per specimen was recorded. Lym-
phocytes were used as control cells to establish
the normal diploid (2c) value. A DNA content
between 2c and 4c is seen in premitotic normal
cells, but DNA values exceeding 5c are only
rarely found in normal epithelial cells. Thus
specimens containing > 10% of cells with a
DNA value exceeding 5c were considered
aneuploid (“5c exceeding rate,” or 5cER).

Specimens with < 10% of the cells exceeding
5c but with > 50% of the cells containing
DNA values exceeding 2.5c were considered
non-diploid. Specimens with 5cER < 10% and
2.5cER < 50% were considered diploid.

p53 Staining
The specimens were considered p53 positive
(+) when a distinct brown staining confined to
the nuclei could be seen in at least 1% of the
cells. For the p53 analysis, MDA 231 breast
cancer cell line was used as external positive
control. Non-tumour cells were used as
internal negative control.

Factor VIII
All stained vessels were counted in a light
microscope (HPF, 40×), in “hot spot” staining
areas of the tumour tissue or in the closest
adjacent area. The counting was performed on
10 visual fields and the mean count for each
specimen was calculated (one visual
field = 0.2×0.2 mm).

Table 1 Malignancy grading system applied by Jakobsson2

Points assigned

Tumour cell population 1 2 3 4

Structure Papillary and solid Strands Small cords and groups of cells Marked cellular dissociation
DiVerentiation Highly: Moderately: Poorly: Poorly:

Keratinisation Some keratin Minimum keratin No keratinisation
Nuclear polymorphism Few enlarged nuclei Moderate number Numerous, irregular enlarged Anaplastic, immature enlarged nuclei
Mitoses Single Moderate number Great number Numerous

Tumour–host relation
Mode of invasion Well defined borderline Cords, less marked borderline Groups of cells, no distinct

borderline
DiVuse growth

Stage of invasion Possibly Microcarcinoma (few cords) Nodular into connective tissue Massive
Vascular invasion None Possible Few Numerous
Cellular response Marked Moderate Slight None

Table 2 Malignancy grading system applied by Bryne et al for evaluation of tumour front7

Points assigned

1 2 3 4

Degree of keratinisation Highly keratinised (>50% of
cells)

Moderately keratinised
(20–50%)

Minimal keratinisation
(5–20%)

No keratin (0–5%)

Nuclear polymorphism Little (>75% mature cells) Moderately abundant
nuclear polymorphism
(50–75% mature cells)

Abundant nuclear
polymorphism (25–50%
mature cells)

Extreme nuclear polymorphism
(0–25% mature cells)

Pattern of invasion Pushing well delineated
infiltrating borders

Infiltrating, solid cords,
bands and/or strands

Small groups or cords of
infiltrating cells (n>15)

Marked and widespread cellular
dissociation in small groups and/or in
single cells (n<15)

Host response
(infiltration of
leucocytes) Marked Moderate Slight None
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HISTOLOGICAL GRADING OF MALIGNANCY

The original method described by Jakobsson
was used.2 In this system the tumour cell
population is described by four diVerent
indices and graded in arbitrary units with a 1–4
point score. The same method is used for
grading four indices of the tumour–host
relation, and a total malignancy score is calcu-
lated (table 1).

Bryne’s front grading system is based on the
Jakobsson malignancy grading system and the
indices used by Bryne (keratinisation, nuclear
polymorphism, pattern of invasion, and host
response) are also graded 1–4 in arbitrary units
and a total score calculated as a sum of these
units (table 2).7 10 Reference images were used
for the classifications.2 6

The variable “stage of invasion” of the
Jakobsson system was estimated on two
separate occasions by the same pathologist in
order to evaluate the reproducibility. The
pathologist also stated the grade of diVerentia-
tion according to Broders,1 blinded to previous
reports from the clinical records.

STATISTICAL METHODS

To evaluate of the risk of recurrence (local:
recurrence in the tongue; regional: cervical
metastases; any: local or regional recurrence)
the log rank test was used for univariate statis-
tical analysis of categorical data from the
malignancy grading systems, nuclear DNA
content expressed as ploidy, and p53 immuno-
staining. For the quantitative variables
(2.5cER, 5cER, factor VIII, and Jakobsson’s
and Bryne’s malignancy grading system
scores), the Cox regression analysis was
applied. Time to recurrence (local, regional,
any recurrence) was used for these analyses,
and was estimated as the time from diagnosis to
when a recurrence was verified through a
biopsy or fine needle aspiration cytology.

All data that appeared to have any predictive
value after the univariate analysis were then
included in the Cox multivariate regression
analysis to evaluate which factor had the greatest
influence on recurrence. The level of statistical
significance was set to p = 0.05. The Pearson
correlation coeYcient was used for evaluation of
intra- and interobserver variations.

Results
Eight of 49 patients (16%) had a local
recurrence and 13 had regional recurrence
(27%) (table 3).

TIME TO RECURRENCE

Mean time to local recurrence was 27 months
(range 11 to 55 months) and for regional
recurrence 12 months (3 to 40 months).

GRADE OF DIFFERENTIATION

Table 3 shows the grade of diVerentiation of
the 49 carcinomas. Only four were poorly
diVerentiated (8%) while there was equal
distribution of moderately and well diVerenti-
ated tumours.

Univariate and multivariate statistical analysis
of either the original or the re-evaluated grade of
diVerentiation (see below) yielded no significant
information about the recurrence risk.

p53 IMMUNOSTAINING

The results of p53 immunostaining for recur-
ring and non-recurring tumours are shown in
table 4.

ANGIOGENESIS

In 41 of the 49 cases staining for factor VIII
related antigen was evaluable. Angiogenesis
had no statistically significant impact on
prediction of recurrence.

UNIVARIATE AND MULTIVARIATE ANALYSIS OF

MALIGNANCY GRADING SYSTEMS AND BIOLOGICAL

MARKERS

All factors were evaluated in a univariate
analysis (log rank test or Cox regression analy-
sis) for risk of local, regional, or any kind of
recurrence (local or regional).

Regional recurrence
The results of the univariate analysis of the
malignancy grading factors and IHC p53 (cat-
egorical data) are shown in table 5 (log rank
test).

Table 3 Grade of diVferentiation and recurrence

n Well Moderate Poor

Local recurrence 8 4 2 2
Regional recurrence 13 5 7 1
No recurrence 28 15 12 1
Total 49 24 21 4

Table 4 Results of IHC p53 and recurrence

n p53+ p53−
IHC
error

Local recurrence 8 3 5
Regional recurrence 13 9 3 1
No recurrence 28 9 18 1
Total 49 21 26 2

Table 5 Factors of Bryne tumour front and Jakobsson malignancy grading systems and
results of IHC p53. Univariate analysis of regional recurrence, log rank test

Factor Points n Recurrence
Percent
recurrence Log rank p Value

Structure 1 8 0 0 13.24 0.004
2 18 3 17
3 18 6 33
4 5 4 80

Total 49

Mode of invasion 1 10 0 0 16.64 0.0008
2 18 5 28
3 18 5 28
4 3 3 100

Total 49

Stage of invasion 1 4 0 0 8.61 0.035
2 7 0 0
3 36 11 31
4 2 2 100

Total 49

Vascular invasion 1 14 0 0 6.33 0.012
2 35 13 37
3 0 0 0
4 0 0 0

Total 49

p53 + 21 9 43 5.11 0.024
− 26 3 12

Total 47

Bryne nuclear
polymorphism

1 16 1 6 7.74 0.052
2 20 6 30
3 7 4 57
4 6 2 33

Total 49

Predicting behaviour of tongue cancers 37
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The results of the univariate analysis of the
continuous variables (malignancy scores,
2.5cER, 5cER, and IHC factor VIII) are shown
in table 6 (Cox regression analysis). The multi-
variate evaluation is shown in table 7 (Cox
multivariate regression analysis).

In the univariate analysis, tumours that later
developed regional recurrence showed a more
pronounced cellular dissociation in their struc-
ture, a more diVuse and massive mode and
stage of invasion, and more numerous invading
vessels than tumours without regional recur-
rence.

Overexpression of p53 also correlated with
regional recurrence. Finally, nuclear polymor-
phism, as used by Bryne, tended to be more
pronounced in tumours prone to regional
recurrence.

Both of the malignancy grading systems were
superior to DNA analysis and IHC factor VIII
for predicting regional recurrence (table 6).

Factors that were significant in the univariate
tests were selected to compete in a Cox multi-
variate regression analysis. For predicting
regional recurrence, the multivariate analysis
showed that p53 positivity and Jakobsson score
were highly significant, the latter being some-
what superior (table 7).

The relations between Jakobsson malignancy
score, IHC p53, and regional recurrence are
shown in fig 1. In 35 of the 49 cases (71%) the
score was more than 17.5 and/or immunostain-
ing of p53 was positive. Thirteen of these
patients developed a regional recurrence (13/
49 = 27%) and 22 patients (22/49 = 45%) did
not. Fourteen of the 49 patients (29%) had a
malignancy score of < 17.5 and negative IHC
p53. None of these patients had regional
recurrence.

Local recurrence
Local recurrence was analysed by the same
statistical methods. Here, tumours with less
marked cellular dissociation (structure, Jakob-
sson system) showed a higher frequency of
local recurrence than tumours without local
recurrence (p = 0.042, log rank test).

Any (local or regional) recurrence—The results
of the univariate analysis of the categorical
variables are shown in table 8 (log rank test).
For prediction of any kind of recurrence (local
or regional) both the tumour cell related
factor—structure—and tumour–host related
factors—mode and stage of invasion of the
Jakobsson system—showed statistical signifi-
cance. Once again, the factor “nuclear poly-
morphism” in the Bryne front grading system
was significant.

Ploidy also predicted any kind of recurrence,
while p53 immunoreactivity did not. Among
the continuous factors, only the Jakobsson
score was close to significance (p = 0.0605,
Cox regression analysis). In the multivariate
analysis, no factor was superior (Jakobsson
score, ploidy).

TESTS OF REPRODUCIBILITY

Grade of diVerentiation, according to Broders,
was re-evaluated and the result of this was
compared with the original histopathological

Table 6 Univariate Cox regression analysis of regional recurrence

Factor n B SE RH p Value

F VIII 41 0.0450 0.0785 1.046 0.567
Score 1 49 0.2281 0.0841 1.2562 0.0067
Score 2 49 0.2050 0.1010 1.2275 0.0423
2.5cER 49 0.0078 0.0156 1.0079 0.6162
5cER 49 0.0230 0.0229 1.0232 0.3159

Score 1 = Jakobsson malignancy grading; score 2 = Bryne tumour front grading system. ER,
exceeding rate.

Table 7 Multvariate Cox regression analysis: regional recurrence. Relative hazards (RH)
and 95% confidence intervals (CI); the other competing factor was Bryne front grading
score

Factor B SE RH CI p

Jakobsson’s score 0.221 0.088 1.25 1.05–1.48 0.012
p53 −1.371 0.668 0.25 0.07–0.94 0.040

Table 8 Factors of Bryne tumour front and Jakobsson malignancy grading systems and
results of ploidy: univariate analysis of local or regional recurrence, log rank test

Factor Points n Recurrence
Percent
recurrence Log rank p Value

Structure 1 8 3 37 11.63 0.0087
2 18 7 39
3 18 6 33
4 5 5 100

Total 49

Mode of invasion 1 10 5 30 10.13 0.0175
2 18 10 39
3 18 5 44
4 3 1 100

Total 49

Stage of invasion 1 4 0 0 7.80 0.0504
2 7 1 14
3 36 18 50
4 2 2 100

Total 49

Aneuploid 32 18 56 6.84 0.0327
Non-diploid 11 1 9
Diploid 6 2 33
Total 49

Bryne nuclear
polymorphism

1 16 2 12 8.64 0.0345
2 20 12 60
3 7 4 57
4 6 3 50

Total 49

Figure 1 Regional recurrence (n = 13) in relation to Jakobsson’s malignancy grade and
p53 expression for each case. Dotted line indicates the malignancy score of 17.5 points;
exact mean of the score = 17.633.
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assessment. Forty three of the 49 tumours were
given the same grade of diVerentiation (88%).
The (interobserver) correlation was r = 0.83
(p < 0.001, Pearson correlation).

In a similar manner, the variable “stage of
invasion” from the Jakobsson system was
blindly evaluated twice by the same patholo-
gist. Thirty six of the 49 cases (73%) were
given the same arbitrary unit on both evalua-
tions using the same H&E slides. The (intra-
observer) correlation was r = 0.68 (p < 0.001,
Pearson correlation). The diVerence between
the first and the second evaluation was never
more than 1 arbitrary unit.

Discussion
Squamous cell carcinoma of the head and neck
shows significant variation in aggressiveness.
Small tongue cancers have occult metastasis in
the neck in about 30% of cases and the overall
recurrence rate of 43% found in the present
investigation is in accordance with other
studies.20 21 For local tumour control, the
resection must be done with suYcient margins.
Furthermore, since occult metastases are so
frequent, most patients get adjuvant treatment
of the neck (either neck dissection or radio-
therapy). However, if we could identify the
tumours prone to metastasise regionally, a pro-
portion of these patients could be spared the
morbidity caused by adjuvant neck treatment.

In the search to refine the prediction of
aggressiveness in individual tumours, diVerent
biological markers and malignancy grading
systems have been used. Malignancy grading
systems are attempts to standardise the other-
wise subjective histomorphological verdict. In
the last decade or so molecular biological tech-
niques have attracted the most interest and an
immense amount of information has been
obtained from these studies. Single or multiple
markers have been found to provide infor-
mation on prognosis, but we are still awaiting
the hoped-for clinical breakthrough with these
methods. Thus it is still relevant to make criti-
cal comparisons between molecular biological
markers and the diVerent histological scoring
systems, not to mention the possibilities of
combining these methods.22

Our present material meets the important
prerequisites for such comparisons, since the
tumours were all located at the same anatomi-
cal site, all were of the same size (T1N0M0),
and all were uniformly treated.6 8 Our study
showed that the Jakobsson malignancy grading
system had significant prognostic value for
predicting regional recurrence, while conven-
tional diVerentiation grading did not. In the
univariate analysis the Jakobsson factors
“structure,” “mode of invasion,” and “vascular
invasion” had considerable impact. These fac-
tors seem to be logical correlates of tumour
aggressiveness.

The presence of p53 immunoreactivity also
suggested an increased risk of regional recur-
rence (fig 1). The p53 gene is coupled with cell
cycle control. Wild-type p53 causes cell cycle
arrest in order to repair DNA damage, and in
the case of irreparable DNA damage it induces
apoptosis. Loss of p53 tumour suppressor

function may lead to a clonal expansion of cells
lacking normal control mechanisms, and,
together with other defects of the genome,
cause early spread of cells with defective p53
function.

Local recurrence could not be predicted
from the results. Local recurrence is subject to
methodological errors such as variations in
surgical technique and decisions on macro-
scopical tumour margins and not only to the
biological behaviour of the tumour cells.

Ploidy had an impact on any (local or
regional) recurrence in the univariate analysis.
Earlier investigations have shown similar
results.9 11 23 24 Zätterström et al found that
ploidy was of prognostic value for survival in
the univariate model and, in accordance with
our present investigation, of limited
importance in multivariate analysis.24

DNA measurements and p53 immunostain-
ing are tumour related factors and do not tell us
anything about tumour–host interactions.
Local tumour growth, beyond a certain
number of cells, and the development of
regional and distant metastases both depend
on access to the blood circulation.25 Angiogen-
esis has been shown to have prognostic signifi-
cance in various tumours, but for head and
neck cancer the results have been conflicting.26

However, most studies have involved tumours
originating from diVerent sites and of diVerent
stages, and this may have distorted the results.
DiVerent methods have been used as
well.15–17 27 28 In the current study, we found that
evaluation of angiogenesis provided no useful
information about recurrence risk.

We found that the Jakobsson score was as
good as p53 immunostaining for predicting
regional recurrence. It is worth bearing in mind
that p53 immunostaining is considerably more
time consuming and expensive than the
extended evaluation of microscope specimens
in any malignancy grading system performed
on H&E stained slides.

The Bryne tumour front grading system had
no prognostic impact in our study, although it
has been successfully applied by others.8 9 This
might have been because this was the first time
we had used the method, while we had some
previous experience of the use of the Jakobsson
system.

The reproducibility of malignancy grading
systems could be improved, as pointed out by
Bryne et al.29 Since the reproducibility and the
results of each single factor could be ques-
tioned (for example, the diVerent results for the
tumour cell population related factor, “struc-
ture”), we chose to exclude single factors from
the multivariate Cox regression model in this
study. However, we showed that a thorough
histological evaluation of the tumour speci-
mens in a regular and reproducible way can,
when relevant criteria are examined, provide
prognostic information of significant value.
Such eVorts to refine histopathology are still
important and histopathological assessments
can still compete with biological markers.

This investigation was based upon a unique
collection of stage I squamous cell carcinomas
of the mobile tongue, as all patients had been
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treated with only local excision, without any
treatment of the neck. Local control of the dis-
ease depends largely on surgical margins. The
regional recurrences, however, which were
found in 27% of our patients, raise the impor-
tant issue of adjuvant treatment of the neck. If
a decision about neck treatment for these
patients had been based on the results of the
Jakobsson malignancy grading system and IHC
p53—that is, patients with tumours showing a
high malignancy grading score and/or p53
immunoreactivity—all patients who needed ad-
juvant neck treatment would have been given it.
Forty five per cent of the patients, instead of
73%, would have been overtreated but nearly
one third (29%) of the patients could have been
spared unnecessary neck treatment (fig 1).

CONCLUSIONS

For predicting regional recurrence (cervical
metastases) in stage I squamous cell carcinoma
of the mobile tongue, the Jakobsson malig-
nancy grading system and IHC p53 showed,
independently, significant values in a Cox mul-
tivariate regression analysis. The clinical value
of combining histopathological malignancy
grading with biological markers, as in this
study, should be further investigated.
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