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Abstract
Background—Apoptosis, or programmed
cell death, can be induced by radio-
therapy. The extent of apoptosis in a
tumour before treatment may have im-
portant implications for response to ra-
diotherapy and long term survival.
Aim—To examine the extent of apoptosis
in tumour tissue from patients with
squamous carcinoma of the cervix before
radiotherapy, and to correlate this with
response to treatment and prognosis.
Methods—The percentage of apoptotic
cells was assessed in 146 carcinomas of the
cervix from patients scheduled to receive
radiotherapy. The CAS 200 static image
analysis system was used to count the
number of tumour nuclei per high power
field, while the numbers of apoptotic cells
in the same field were visualised simulta-
neously on the image analyser and re-
corded manually.
Results—The median apoptotic level was
0.73%. Patients were divided into two
groups around the median. There was no
statistically significant diVerence in out-
come between the two groups as deter-
mined by long term survival following
radiotherapy.
Conclusions—The CAS 200 static image
analyser system can be used to assist in
the rapid semiautomated assessment of
apoptosis in conventionally prepared tis-
sue. The results suggest that the apoptotic
state of a tumour before treatment is of no
value in predicting response to radio-
therapy and subsequent prognosis.
Tumour stage, size, and BrdU labelling
index, as a measure of proliferation rate,
remain the most important prognostic
factors in terms of predicting local
tumour control.
(J Clin Pathol 2000;53:197–200)
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Most anticancer treatment methods produce
apoptosis in sensitive cells.1–3 The tendency of a
cancer cell to undergo apoptosis may have
important implications for tumour progression
and response to treatment.4 There is some evi-
dence of a correlation between the extent of
apoptosis in a tumour before treatment and its
radiosensitivity.3 5

Given the potential implications of apoptosis
on tumour kinetics it is not surprising that
assessment of apoptosis in a range of neo-
plasms has aroused considerable interest.
However, one of the principal problems that

has hindered the investigation of apoptosis in
tumours has been the lack of a satisfactory
marker. This has made the quantitative assess-
ment of apoptosis a laborious and time
consuming exercise.

Various diVerent techniques, including in
situ end strand labelling of DNA fragments,6 7

immunocytochemical identification of associ-
ated genes and oncogenes,8 flow cytometric
detection of cell shrinkage,9 diminished DNA
binding of fluorescent dyes,10 and a range of
special stains11 have been used to assist in the
recognition of apoptosis but none of these is
specific, and electron microscopy remains the
gold standard.12

Light microscopic examination of haema-
toxylin and eosin (H&E) stained sections
remains one of the simplest and most repro-
ducible methods. The morphology of apoptosis
has been reviewed in detail by Wyllie.13

Furthermore, it is readily applicable to rou-
tinely processed material and is inexpensive
and easy to interpret. In this study we attempt
to circumvent some of the problems associated
with the quantitative assessment of apoptosis in
H&E sections by using the CAS 200 image
analysis system to count the background
number of tumour cells in each field automati-
cally while assessing the relatively small
number of apoptotic cells per field manually.

Methods
PATIENT SELECTION

Over the two year study period (1991 to 1992)
all patients with cervical carcinoma scheduled
to receive radiotherapy at the Beatson Oncol-
ogy Centre were approached to give written
consent for entry into the study. Tumour tissue
was collected at the initial staging procedure
where tumour size and stage were recorded.

TISSUE COLLECTION AND PROCESSING

Multiple tumour samples were collected by
obtaining additional punch biopsies at the time
of the staging procedure choosing macroscopi-
cally viable areas of tumour. All tissue samples
intended for microscopic assessment were sub-
sequently fixed in formalin and routinely proc-
essed to paraYn wax. Sections 4 µm thick were
mounted on APES coated glass slides and
stained with H&E.

ASSESSMENT OF APOPTOSIS

SuYcient well preserved non-necrotic, forma-
lin fixed, paraYn embedded tissue was present
in 69 cases from the cohort available for analy-
sis. All the cases included in this study were
squamous carcinomas. For each of these cases,
the percentage of apoptotic cells was assessed
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(by JRP) in representative 4 µm H&E stained
sections. The CAS 200 static image analysis
system (SIAS) was employed (Cell Analysis
Systems Inc, Lombard, Illinois, USA). Images
of all the nuclei of all the cells in the field are
captured by a video camera using a 650 nm fil-
ter. Simple thresholding methods were used to
set the lower limit for detection of nuclei, and
this could be compared in real time with the
image seen down the microscope. All sections
were assessed at ×400 magnification. Using this
set up, individual tumour nuclei in a given high
power field (×400) could be readily identified
and counted by the system in an automated
fashion. The number of apoptotic cells per high
power field (hpf) was visualised simultaneously
both down the attached microscope and on the
image analyser. The number of apoptotic cells
per hpf (×400) was generally small (range 0–8)
and was recorded manually. Apoptotic cells
were identified using widely accepted morpho-
logical criteria for apoptosis in H&E stained
sections.13 All fields assessed were at least 1 hpf
away from areas of coagulative necrosis.

The image segmentation function on the
program allowed non-neoplastic tissue to be
excluded from the count. The image segmenta-
tion function on the CAS 200 SIAS was
relatively easy to use. It involved drawing
outlines with the mouse around the parts of the
field that are to be included in the analysis. The
segmented image was displayed on the compu-
ter monitor and this could be compared with
the actual view of the field down the micro-
scope. In most cases squamous carcinoma was
present in confluent sheets, which could be
readily delineated with the image segmentation
function. In the small number of cases where
the tumour was poorly diVerentiated with a
more widely infiltrative pattern the image
segmentation function could be used to draw
round and isolate individual cells and small

groups of cells, although this was more time
consuming. Overlapping nuclei were not a
problem as the abundant cytoplasm of
squamous carcinoma cells tended to separate
even poorly diVerentiated tumour cell nuclei.

In each case a minimum of 1000 tumour
cells (approximately 10 hpf) were assessed and
the total number of apoptotic cells recorded as
a percentage of the total number of tumour
cells.

RADIOTHERAPY SCHEDULES

For all the patients in this group, radiotherapy
was the definitive mode of management. None
underwent surgery to debulk their tumours.

Early lesions (stage I and II, < 5 cm) received
two intracavity insertions using the selectron
after loading machine. The average A point
dose was 36 Gy (from both insertions) at a
dose rate of 1.8 Gy/h. This was followed by
three weeks (four fractions) of treatment with 4
Met x rays to parallel opposed diamond shaped
fields, with the selectron treated area covered
by a compensation wedge. The total summated
pelvic side wall dose was 42.3 Gy given in 14
fractions with an A point dose of 61 Gy ± 5%.

More advanced lesions (bulky IIB, III, and
IV) were treated over four weeks with external
beam radiotherapy of 43 Gy in 20 fractions.
This was followed by a selectron insertion of 26
Gy at 1.8 Gy/h.

No palliative doses were given.

FOLLOW UP

The patients were followed up on a regular
basis with the most recent clinical update in
December 1997. At this time 73 of the 146
patients were dead. Four had metastatic
disease, four had recurrent local disease, one
had both metastases and recurrent pelvic
disease, and 64 had neither locally recurrent
disease nor metastasis

Figure 1 Comparison of survival of patients split by according to size, grade, stage, and apoptosis.
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STATISTICAL ANALYSIS

Patients were divided into two groups around
the median apoptotic count (expressed as a
percentage of viable tumour cells). Both pelvic
disease-free survival and overall survival for the
two groups were compared using the negative
log rank test and the results expressed in the
form of Kaplan-Meier survival curves.

Results
The stage distribution of the 146 women in the
study who had carcinoma of the cervix is out-
lined in table 1.

The percentage of tumour cells undergoing
spontaneous apoptosis before commencement
of radiotherapy was determined 69 cases, all
squamous carcinomas. The mean level of
spontaneous apoptosis was 0.88%. The range
was 0.045–1.840% with a median of 0.73%
and interquartile of 0.55–1.03%.

STATISTICAL ANALYSIS OF SURVIVAL AND

APOPTOSIS

Patients were divided into two groups depend-
ing on whether the extent of tumour apoptosis
was above or below the median (0.73%). There
was no statistically significant diVerence in
outcome as determined by pelvic disease-free
survival or overall survival following radio-
therapy, and the Kaplan-Meier survival curves
for the two groups were almost identical (fig 1).
A multivariate Cox analysis was done taking all
the factors together to determine which were of
independent significance. For disease-free sur-
vival tumour size and grade were significant
with p values of < 0.0001 and 0.026 respec-
tively. For overall survival tumour size was sig-
nificant with a p value of < 0.0001.

The follow up period for surviving patients
ranged from 13 to 70 months, with a median of
51 months.

Discussion
This study has shown that it is possible to
assess apoptosis in a semiautomated manner
using the CAS 200 static image analysis
system. The use of this system to count the
background number of tumour nuclei made
the assessment of larger amounts of tumour
and larger numbers of cases considerably
easier. The number of apoptotic cells visualised
simultaneously on the image analyser was usu-
ally < 4 per hpf, and this could be readily
counted and manually recorded. The image
segmentation function on the program allowed
non-neoplastic tissue to be reliably excluded
from the count.

Radiotherapy and other treatments can
induce apoptosis in sensitive cells1–3 and it has
been suggested that there is a correlation
between susceptibility to apoptosis and re-
sponse to radiotherapy.3–5 The mechanism
whereby radiotherapy triggers the apoptotic
cascade in neoplastic cells is not completely
understood but there is increasing evidence of
altered function of the p53 tumour suppressor
gene.4 14 15 In this study we assessed spontane-
ous levels of apoptosis in squamous carcinoma
of the cervix before the patients received radio-
therapy. Our results suggest that the spontane-

ous level of apoptosis in squamous carcinoma
of the cervix is of no value in predicting overall
or disease-free survival following radiotherapy.
In a previous study on this cohort of patients it
was shown that BrdU labelling index was
significantly related to overall and disease-free
survival (p = 0.015).16 Tumour stage, size, and
BrdU labelling index remain the most impor-
tant prognostic factors in terms of predicting
local tumour control (fig 1). In most cases the
levels of spontaneous apoptosis were relatively
small and maintained a constant narrow range;
this is consistent with previous observations on
certain other tumour types.17 Radiotherapy and
other cancer treatments can induce apoptosis
in sensitive tumour cells.1–3 We have not exam-
ined radiotherapy induced apoptosis. The
mechanisms of spontaneous and induced
apoptosis may be diVerent. The capacity of
radiotherapy to induce apoptosis in a tumour
may not be related to the spontaneous or base-
line level of apoptosis. A comparison of
apoptosis levels in follow up biopsies after
radiotherapy with the original baseline level of
apoptosis would make an interesting future
study and could be of more value in predicting
response to radiotherapy and subsequent
patient survival.

For most tumours it remains to be deter-
mined whether the degree of apoptosis corre-
lates with other factors predicting biological
behaviour. A positive correlation between the
amount of apoptosis and other known prog-
nostic factors has been reported for
non-Hodgkin’s lymphoma,18 prostatic
adenocarcinoma,19 adrenal cortical tumours,20

and carcinoma of the cervix.5 21 Indeed, one of
these studies suggested that apoptosis could
predict the prognosis in patients with carci-
noma of the cervix treated by radiotherapy.5

These results are at variance with our own
data, which do not suggest that apoptosis is of
independent prognostic significance in carci-
noma of the cervix. However, several other
studies based on a variety of tumour types also
show no correlation of apoptosis with progno-
sis or other known prognostic variables.22–25

While there is general acceptance that apop-
tosis is a fundamental mechanism in cell kinet-
ics, it may be that the overall contribution of
apoptotic cell death on its own to tumour
kinetics is relatively small. This would mean
that much larger studies than ours would be
required to reveal any underlying statistically
significant correlations with other prognostic
variables and long term patient survival.

Some studies of apoptosis have been based
on assessment of in situ labelling of DNA
fragments.6 7 27–29 While there is no doubt that
these techniques may be useful in assisting the
recognition of apoptosis, most investigators
report a lack of specificity6 27 29 as cells which
are not apoptotic on morphological grounds
may be labelled.4 7 23 24 29 While this may reflect
an ability to mark cells which are about to
undergo apoptosis,23 26 it is not certain whether
this concept is valid. Studies using these meth-
ods tend to produce higher percentages of
apoptosis22 and this may influence the subse-
quent statistical analysis of the data. A more

Table 1 Patients divided
according to stage of disease

Stage n

I 30
II 53
III 50
IV 13
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reliable marker for the process would not only
make assessment of apoptosis more straightfor-
ward but it would also permit direct compari-
son between studies on diVerent tumour types.

Review of the complexity of tumour cell
kinetics suggests that studies incorporating
other relevant factors, such as tumour cell pro-
liferation and necrosis, may provide a more
meaningful insight into tumour progression. In
practical terms, however, it is diYcult to see
how the relative contributions of these factors
to the overall kinetics of an individual tumour
could be best assessed. There is a mechanistic
link between apoptosis and tumour cell
proliferation,30 and some studies have sug-
gested a linear correlation between these two
factors.19 Other work we have carried out, how-
ever, has failed to show a statistically significant
relation between apoptosis and other measure-
ments of tumour proliferation (unpublished).
This may reflect a complex and unstable
relation between apoptosis and cell prolifera-
tion .

The majority of studies of apoptosis have
attempted to assess only viable tumour, but
criteria for excluding necrotic tumour are vari-
able, suggesting that in some cases necrotic cell
death is at least partially included in the assess-
ment of tumour cell loss. In this study we
avoided areas of necrotic tumour, but in so
doing we may have selected a subset of
tumours which have a similar prognosis
because of reduced tumour necrosis. Further-
more, excluding areas of necrosis may underes-
timate the contribution of apoptotic cell death
to tumour progression and response to radio-
therapy. Some studies have shown that a low
oxygen microenvironment may result in selec-
tion of tumour cells with a reduced apoptotic
potential, giving rise to more aggressive tumour
progression.31 It has also been suggested that
apoptotic cell death of endothelial cells con-
tributing to the tumour’s blood supply is a
prime mechanism underlying tumour necrosis
(Wyllie AH, personal communication).

In summary, we have shown that large scale
light microscopic studies of apoptosis in
tumours can be carried out in a semiautomated
manner using the CAS 200 static image analy-
sis system. The assessment of spontaneous lev-
els of apoptosis in carcinoma of the cervix,
however, provided no useful prognostic infor-
mation in addition to that already derived from
other more usual variables such as tumour
stage. There seems little doubt that the relation
between tumour cell proliferation and tumour
cell loss, through apoptosis and necrosis, is
complex and warrants further investigation as a
means of predicting tumour progression.
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