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Can Ki67 immunostaining predict response to
radiotherapy in oral squamous cell carcinoma?

G Valente, R Orecchia, S Gandolfo, M Arnaudo, R Ragona, S Kerim, G Palestro

Abstract
Aims-To determine whether immuno-
histochemical evaluation of the abate-
ment of proliferating cells after a first
course of radiotherapy could predict the
final response to treatment in oral squa-
mous cell carcinoma (SCC).
Methods-Frozen sections from 31 cases
of histologically confirmed oral SCC
were stained with the monoclonal anti-
body Ki67 at diagnosis and after 10 Gy of
radiotherapy. The percentage difference
of Ki67 positive cells among the biopsy
specimens taken at the beginning and
after 10 Gy was correlated with the clini-
cal response obtained at the end of the
treatment and its significance deter-
mined.
Results-The percentage of Ki67 positive
cells at diagnosis had no significant cor-
relation with the final therapeutic result
of radiotherapy. By contrast, the 32%
difference of proliferating cells after 10
Gy of radiotherapy significantly differen-
tiated responders from non-responders
(p < 0.05). Furthermore, the abatement
of the growth fraction after 10 Gy of
radiotherapy was significantly correlated
with the complete response (p < 0.01).
Conclusions-These data show that the
immunohistochemical evaluation of the
abatement of Ki67 positive cells after 10
Gy of radiotherapy provides an indepen-
dent variable of responsiveness to radio-
therapy, allowing a reliable prediction of
the final therapeutic result to be made.

(7 Clin Pathol 1994;47:109-112)

Radiotherapy, both alone and combined with
surgery and chemotherapy, is regarded as a
mandatory treatment in many tumours. One
of the major problems, however, is evaluation
of response to radiotherapy, a complex and
prognostically relevant variable involving sev-
eral clinical factors, such as individual toler-
ance, tumour residual volume, and local
extension, which may easily be under or over-
estimated. There is thus considerable interest
in tailoring radiotherapy to biological features
apart from clinical prognostic factors, and
indicators permitting reliable assessment of
response to radiotherapy and prediction of its

outcome would permit the early choice of a
different treatment schedule-for instance, a
combination of drugs and irradiation, or an
alternative approach.' 2 The proliferative
activity of target cells is a particularly suitable
subject for study, as radiotherapy is predomi-
nantly directed at the cell cycle. Costa et aP
evaluated H3-thymidine uptake in oral carci-
nomas before and after radiotherapy and
found significantly different growth fractions.
This technique is time consuming, however,
and the interpretation of the results is not
always unequivocal. A possible alternative
method would be the immunohistochemical
evaluation of proliferating cells. The mono-
clonal antibody Ki67 detects a nuclear anti-
gen expressed in all phases of the cell cycle
except G0,4 and has been widely used to
determine the growth fraction of neoplastic
tissues."6 It is more reliable than H3-thymi-
dine uptake in determining the growth frac-
tion,7 and is a useful indicator of the
proliferating population in irradiated tissues
in vitro8 and in vivo.9

This study prospectively evaluated the pro-
liferative activity of 31 cases of oral squamous
cell carcinomas (SCC) at diagnosis and after
the first course of radiotherapy. Because sur-
face and nuclear antigens can be destroyed by
ionising radiation, we evaluated the effect of
radiotherapy after 10 Gy. This dose achieves
initial abatement of the neoplastic mass with-
out impairing cell morphology and antigenic
characteristics.

Methods
Thirty one patients with histologically con-
firmed oral SCC were studied (table 1).
Histological grading was evaluated according
to WHO criteria.'0 Clinical staging at diagno-
sis was assessed on the basis of the TNM
classification."I

All patients were given exclusive external
radiotherapy. Treatment was delivered in
megavolt units (60Cobalt photons or 6 milli-
volts x rays) on two opposite fields. Total
tumour dose (conventional fractionation: 2
Gy/fraction/day, five days a week) was
between 68 and 70 Gy. Positive neck nodes
received an additional 6-13 million election
volts, up to a total dose of 75 Gy.
Tumor biopsy specimens were taken at the

beginning of radiotherapy and after 10 Gy,
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Table 1 Grade, stage, and Ki67 values at diagnosis

Group 1 Group 2

(Ki67 positive cells > 50%) (Ki67 positive cells < 50%)

Case No Grade Stage Ki67 Case No Grade Stage Ki67

1 1 IV 53 16 2 II 41
2 2 III 83-6 17 2 IV 42-9
3 1 IV 68-3 18 2 IV 45-6
4 3 m 76-6 19 3 II 47-3
5 2 III 64-8 20 1 IV 47-1
6 2 HI 69-2 21 2 IV 20
7 3 III 74 22 3 IV 21-8
8 1 II 71-2 23 1 IV 14-9
9 2 III 68-7 24 2 I 28
10 1 III 85-1 25 2 I 27-3
11 2 IV 51-3 26 3 IV 46-6
12 2 II 76-9 27 2 IV 23-5
13 2 IV 51 28 2 mH 25
14 3 IV 68-1 29 2 m 15-4
15 2 IV 56 30 2 III 34-6

31 2 IV 20-5

immediately frozen in liquid nitrogen, and
stored at -70°C.

Cryostat sections fixed for 10 minutes in
cold acetone were incubated with Ki67
(Dakopatts, Copenhagen, Denmark) diluted
1 in 40. An avidin-biotin complex (ABC)
immunoperoxidase method was used, as
reported before.'2 3,3'-diaminobenzidine
(Sigma Chemical Co, St Louis, Missouri,
USA) was used as chromogen. In each case
serial sections were cut and stained with
haematoxylin and eosin to recognise the non-
neoplastic fields and to avoid their interfer-
ence in counting positive cells.

Sections before and after 10 Gy RT were
examined under a x 40 objective lens.
Nuclei from 500 tumour cells were counted
in each section, this number having been
reached by the standard continuous mean
technique. Different fields were chosen, both
in areas with high and low numbers of
positive cells, determined by assessing initially
the whole of a section at a power lower than
x 40.
Nuclei were regarded as positive only if

they showed an unequivocal brown reaction
product. The Ki67 index was calculated as
the percentage of positive tumour cell nuclei.
The percentage difference (A) of Ki67 values
between the biopsy specimens taken at the

Table 2 Abatement ofKi67 positive cells after lOGy radiotherapy (A) and correlation
with clinical response

>32% A <32% A

Case No AKi67 Response Case No A Ki67 Response

2 55 CR 1 29 NR
4 46 PR 3 4 NR
5 64 CR 6 31 NR
8 73 CR 7 17 PR

11 42 CR 9 28 PR
14 63 NR 10 26 PR
16 54 CR 12 14 PR
19 53 CR 13 -18 PR
22 54 PR 15 16 NR
23 44 PR 17 8 PR
28 34 CR 18 1 CR
30 38 CR 20 28 PR
31 90 RP 21 10 CR

24 -28 NR
25 20 C1R
26 29 PR
27 26 PR
29 18 PR

NR: no response; PR: partial response; CR: complete response.

beginning and after 10 Gy was then evalu-
ated.
Ten cases were counted by two indepen-

dent observers (GV and SK), and on three
separate occasions by the same observer
(GV), to determine the inter- and intra-
observer variation, respectively. The interob-
server variation was 6-12%; the intraobserver
variation was 8%.
Tumour responses were evaluated by

clinical examination or a computed tomo-
gram, or both. The grade of clinical respon-
siveness (complete, partial, no response) was
established according to WHO criteria.
Correlation between the percentage of Ki67
positive cells and response was estimated by
stepwise logistic regression, and the frequency
tables were evaluated using the x2 test
(BMPD Statistical Software, Los Angeles,
California). The response after radiotherapy
was correlated with the following variables:
initial value of Ki67; A; histological grading;
and clinical staging.

Results
K167 VALUE (tables 1 and 2)
Evaluation of Ki67 positivity was based on
the presence of characteristic intranuclear
granules corresponding to the chromatin dis-
tribution (fig 1). After 10 Gy radiotherapy,
immunostaining showed some morphological
changes, mostly in the form of large and
irregular spots (fig 2).

At diagnosis the percentage of Ki67 posi-
tive cells ranged from 14-9% to 85-1%. We
formed two groups with more (group 1, 15
cases) or less (group 2, 16 cases) than 50%
Ki67 positive cells. After 10 Gy radiotherapy,
the percentage decreased in 29 of 31 cases,
whereas an increase of Ki67 positive cells was
observed in two cases. A 32% (mean value)
difference (A) between Ki67 values at the
beginning and after treatment as cutoff
produced 13 cases (A > 32%) and 18 cases
(A < 32%), respectively.

RADIOTHERAPY RESPONSE AND CLINICAL
FOLLOW UP (table 2)
Clinical response was not correlated with the
initial Ki67 value, stage or grade. No signifi-
cant difference between the two groups was
noted with regard to the final result of radio-
therapy: a complete clinical response after 70
Gy was observed in four of 15 cases from
group 1 and in seven of 16 cases from group
2; 1 1 of 15 patients from group 1 and nine of
16 from group 2 showed no response or only
a partial response (p = 0 32).
By contrast, a significant different final

response was noted in the function of A:A of
> 32%, eight of 13 patients (61-5%) showed
a complete response compared with three of
18 (16 6%) with a A of< 32% (p < 0'05).

Logistic regression analysis showed that the
abatement of the growth fraction after 10 Gy
radiotherapy (A) was significantly correlated
with a complete response (p < 0.01). Further-
more, it was more significant in grade 2 than
in grades 1 and 3 patients (p < 0 05).
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Figure 1 Squamous cell carcinoma of the oral cavity at diagnosis; numerous neoplastic
cells display nuclear Ki67 positivity (ABC immunoperoxidase on cryostat section).

Discussion
The results of this prospective study show
that immunohistochemical evaluation of the
abatement of proliferating cells after a first
course of radiotherapy is of significant assis-
tance in predicting the final result of the
treatment in oral SCC. The 32% cutoff of a

reduction in Ki67 positive cells after 10 Gy
radiotherapy distinguished responders and
non-responders to the complete radiotherapy
course: 61-5% patients with an abatement of
proliferating cells (A) of more than 32%
achieved a complete response at the end of
treatment compared with only 16-6% with a

A of < 32%. Histological grading is regarded
as an important indicator of sensitivity to
radiotherapy."3 In our series, however, grade
2 patients responded better to radiotherapy
than patients with grades 1 and 3 histology.
The 10 Gy dose seem to be critical in

assessing response to radiotherapy in SCC.
Similar results were obtained using a labelling
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Figure 2 The same case as in fig 1; after 10 Gy of radiotherapy the abatement ofKi67

positive cells is evident; inset: Ki67 immunostaining is characterised by large and irregular

spots (ABC immunoperoxidase on cryostat section).

index technique.3 This dose has a strong
destructive effect and influences the complete
course and final result, but is not sufficient to
determine the well known regressive changes
of the irradiated tissues that could inhibit
Ki67 positivity. Immunostaining was pre-
served in the tissues biopsied after 10 Gy, and
only morphological differences were observed
compared with those taken before radiother-
apy, as described before.9
The percentage of Ki67 positive cells at

diagnosis is regarded as a prognostic indicator
in a number of tumours.'4 15 In our patients,
however, the final response was not related to
this. Response to radiotherapy may not be
restricted to the actively proliferating neoplas-
tic tissues. For instance, it has been shown
that the effect of irradiation in cultured cells
is higher in some phases of the cell cycle,
such as before G,M; it is lower in the late S-
phase.'6 Thus if the S phase represents the
major part of the cell cycle in a neoplastic tis-
sue, that tissue should proliferate at a faster
rate but also have a higher resistance to radio-
therapy. Responsiveness to radiotherapy
would therefore be difficult to evaluate using
S phase determination, such as labelling
index and incorporation of bromodeoxyuri-
dine. Furthermore, this could explain the
occurrence of cases with higher numbers of
Ki67 positive cells after treatment (A nega-
tive); this phenomenon was also observed in
irradiated uterine cervical tumours.9 Resistant
clones with higher proliferative activity may
supervene, or quiescent cells may be recruited
after irradiation. In our series the occurrence
of A negative (two patients) was an adverse
variable with regard to the efficacy of radio-
therapy and was associated with progression
of the tumour.

Other considerations can be drawn from
our data: for instance, histological grading
and clinical staging were not related to the
initial value of Ki67, unlike the results of
other authors.17-20 However, there have been
few studies on proliferation indices in head
and neck SCC. One of these2' reported that
six out of nine cases histologically evaluated
as poorly differentiated showed low or inter-
mediate percentages of Ki67 positive cells
(lower than 30%), suggesting that prolifera-
tive activity in head and neck SCC is not
always connected with the pathological fea-
tures, but is an intrinsic biological character.

In conclusion, the percentage of abatement
of Ki67 positive cells after the first course of
radiotherapy seems to be significantly corre-
lated with the response to radiotherapy of oral
SCC, providing a predictive factor of the out-
come of the treatment. Moreover, this simple
and easily reproducible approach allows alter-
native therapeutical strategies to be intro-
duced when the first choice treatment seems
to be inadequate. Whether the percentage of
abatement has any impact on survival will
require further follow up studies.
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and by AIRC (Associazione Italiana per la Ricerca sul
Cancro). We thank Mrs Marilena Abbadini and Mr Nino
Ferraro for their technical assistance.
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