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Influence of preoperative radiotherapy on DNA
ploidy in squamous cell carcinomas of the
oesophagus

R Porschen, G Bevers, U Remy, S Schauseil, F Borchard

Abstract
The influence of preoperative radiotherapy on
the prevalence of DNA aneuploidy and the
prognostic significance of tumourDNA ploidy
was evaluated in 126 patients with squamous
cell carcinoma of the oesophagus. Preopera-
tive radiotherapy with 30 Gy was performed in
52 patients. DNA ploidy was analysed by flow
cytometry on nuclei isolated from paraffin
embedded tumour tissue. DNA aneuploidy
was identified in 75 tumours (61%) and found to
correlate significantly with tumour stage. The
percentage of aneuploid carcinomas was
significantly reduced by preoperative radio-
therapy (surgery only group, 71%; radiotherapy
group, 47%, p=001). Although the median
survival time was slightly better in the diploid
than in the aneuploid group (11.3 and 8-0
months respectively), this difference was not
statistically significant. A curative tumour
resection was the most important prognostic
factor. Preoperative radiotherapy did not pro-
long survival in oesophageal cancer.
(Gut 1993; 34: 1086-1090)
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Despite efforts at early diagnosis and advances in
surgery, radiation therapy, and chemotherapy,
the prognosis of squamous cell carcinoma of the
oesophagus remains poor. Because chromosomal
aberrations are a marker of malignancy and have
been shown to correlate with changes in DNA
content, DNA flow cytometry is widely used in
the analysis of neoplasia.' Several studies on
gastrointestinal cancers2" have shown that flow
cytometric detection of an abnormal DNA con-
tent may provide additional prognostic informa-
tion.
The objective of this flow cytometric study

was to evaluate the impact of preoperative radio-
therapy on the prevalence of DNA aneuploidy
and to analyse the prognostic significance of
DNA ploidy in oesophageal squamous cell
cancer.

Patients and methods

PATIENTS
One hundred and twenty six patients (103 men,
23 women) with a squamous cell carcinoma of
the oesophagus treated at the Department of
Surgery of the Heinrich-Heine-University until
December 1986 entered the study. Mean (SD)
age of the patients was 56-2 (SD 9-9) years. In 86
patients, complete resection of the tumour was
performed. In 52 patients, radiotherapy with 30
Gy was performed before surgery. The mean

time interval between completion of radiation
treatment and surgery was 10 days. At the end of
the study 119 patients had died.

All histological tumour sections were reclassi-
fied according to the 1987 updated TNF
classification by one of the authors (FB).
Table I shows tumour characteristics. Tumour
length ranged from 0 5 to 13 cm (median,
3-0 cm).

FLOW CYTOMETRY
Formalin fixed, paraffin embedded tumour
tissue was prepared and stained for flow cyto-
metric analysis according to the slightly modified
procedure described by Hedley et al.S To
decrease nuclear debris6 sections of 80 ,tm were
cut from tumour blocks stored at the Depart-
ment of Pathology. Sections were deparaffinised
by treatment with xylene overnight, rehydrated
through a series of graded ethanol solutions and
washed with distilled water.
A nuclear suspension was prepared by

incubating the sections in 0-5% pepsin (Sigma,
St Louis, Missouri) in 0 9% NaCl solution (pH
1-5; 37°C). After filtration through a 50 [im
nylon mesh nuclei were washed twice with
phosphate buffered saline. The sediment was
resuspended in a 041% Nonidet P 40 - trisodium
citrate solution.7 After addition of ribonuclease
A (Sigma, St Louis, Missouri; final concentra-
tion 041%) nuclear DNA was stained with
propidium iodide (Sigma, St Louis, Missouri; 50
Fg/ml).

TABLE I Tumour characteristics ofirradiated and
unirradiated squamous cell carcinomas ofthe oesophagus

No(%)

Tumour site:
Upper third
Mid-third
Lower third
>One third

Grading:
GI
G2
G3
G4

Tumour invasion:
pTl
pT2
pT3
pT4

Lymph node metastasis:
pNO
pNl

Distant metastasis:
MO
Ml

Tumour stage:
I
II
III
IV

17 (13-5)
70(55-5)
34 (27 0)
5 (4 0)

12 (9 5)
77 (61-1)
33 (26 2)
4 (3 2)

10 (7-9)
22 (17-5)
65 (51-6)
29 (23-0)

54 (42 9)
72 (57 1)

107 (84-9)
19 (15-1)

9(7-1)
47 (37*3)
51 (40 5)
19(15 1)
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Nuclear DNA content of at least 10 000
tumour cells in each block were measured with
an EPICS C flow cytometer. One to six paraffin
embedded blocks were measured for each
patient (mean 2 5 blocks). Two to three sections
were measured in each block. In three patients,
no analysable DNA histogram could be
generated because their tumours had been fixed
in Bouin's solution.
Tumours were either classified as diploid or

aneuploid. Samples with more than one GOGI
peak in the DNA histogram were judged as
aneuploid.5 In these tumours, the first peak on
the left of the histogram was considered to
represent diploid GOGI cells. For DNA
aneuploid samples a DNA index was calculated
as the ratio of the abnormal GWGI mean peak
channel number to the diploid GOGI mean peak
channel number. Histograms were classified
without previous knowledge of the pathological
or survival data.
We restricted our flow cytometric analysis to

the determination of DNA ploidy because
increased amounts of nuclear fragments after
enzymatic digestion reduce the accuracy of cell
cycle analysis accounting for the relatively poor
correlation between proliferative activity in
unfixed compared with paraffin embedded
material.910 Furthermore, because of the higher
coefficient of variation in paraffin embedded
material cell cycle analysis is not as reliable as in
fresh tissue of solid tumours. The mean (SD)
coefficient of variation of the G1 peak in this
study was 5-9% (1'5%) (range 3-6% to 8 8%).

STATISTICS
Frequency tables were analysed by the X2 test.
Survival time was defined as the period between
surgery and death. Three patients were lost to
follow up and have been excluded from the
analysis of survival. Patients dying as a result of
postoperative complications (within 30 days)
were excluded from the survival analysis.
Univariate survival analysis was performed with
the BMDP 1L computer program by the life
table method." Data are presented as median
(SEM). The significance of differences was
calculated with the generalised Wilcoxon test
(Breslow) and the generalised Savage test
(Mantel-Cox).
The Cox proportional hazard model'2 was used

in multivariate regression analyses of survival
data (BMDP 2L). Variables entered into the
model were sex ofthe patients, age ofthe patients
(<60; >60 years), tumour site, tumour grading,
tumour stage, radicality of surgery, radio-
therapy, DNA ploidy, and tumour length
(<3 cm; >3 cm).

Results

DNA PLOIDY
DNA diploidy was detected in 48 cancers of the
oesophagus (39%) and aneuploidy in 75 tumours
(61%). In four patients, more than one aneuploid
peak was present. TheDNA indices ranged from
1 0to2 64.
Tumour DNA content was not significantly

TABLE II Relation between DNA ploidy and clinical and
pathological variables in 123 patients with a squamous cell
carcinoma ofthe oesophagus

Aneuploid Diploid
(%) (%) p Value

Sex:
Male 60-0 40 0 NS
Female 65 2 34-8

Tumour site:
Upper third 68-8 31-2 NS
Mid-third 61-4 38-6
Lower third 54-5 45 5
>One third 75-0 25 0

Grading:
GI 33-3 66-7 NS
G2 62-7 37-3
G3 62 5 37.5
G4 100-0 0*

Tumour invasion:
pTl 20-0 80-0 p=0-04
pT2 60-0 40 0
pT3 64-1 35 9
pT4 69-0 31-0

Lymph node metastasis:
pN0 50 9 49-1 p=007
pNl 68-6 31-4

Distant metastasis:
MO 60-6 39-4 NS
Ml 63-2 36-8

Tumour stage:
I 22-2 77-8t p=0 04
II 54.5 45.5
III 73-1 26-9
IV 61-1 38-9
I+II v III+IV p=0.04

Radiation therapy:
Yes 47-1 52 9 p=0-01
No 70-8 29-2

Surgery:
Curative 61-4 38-6 NS
Non-curative 60-0 40 0

*This group contained four patients. There was no significant
difference after testing G1/2 v G3/4. tThe aneuploid group in stage
I contained only two patients. The analysis was therefore repeated
for tumour stage I+II v III+IV.

related to gender of the patients, tumour site, or
tumour differentiation (Table II). DNA ploidy
significantly correlated with the invasion of the
primary tumour. The percentage of aneuploid
tumours rose from 20% in TI tumours to 69% in
T4 tumours. The percentage of diploid carcino-
mas was significantly higher in stage I and II
tumours (51%) than in stage III and IV tumours
(30%). The association with lymph node meta-
stasis was of borderline statistical significance
(p=007). DNA ploidy did not influence the
result of surgery (curative v non-curative).

Prevalence ofDNA aneuploidy, however, was
significantly influenced by preoperative radio-
therapy. The percentage of aneuploid tumours
decreased from 71% in unirradiated tumours to
47% in irradiated tumours (p=001). Tumour
diameter decreased from 4-2 (2 8) cm to 3-1 (1I6)
cm after irradiation (p=0 02). Preoperative
radiotherapy did not change the percentage of
curative resections.

SURVIVAL
After exclusion of postoperative deaths the over-
all five year survival rate was 6 5%. Median
survival time of the whole study population (n=
101) was 9-2 (1-4) months.

In univariate survival analysis the presence of
lymph node metastasis (NO: median survival,
13 8 months; N1: 7-3 months), the presence of
distant metastasis (MO: 10-6 months; MI: 6-0
months), and tumour stage (I: 51-6 months; II:
11-8 months; III: 8-3 months; IV: 6-0 months)
were highly significant prognostic variables for
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A00. months; p=009 by generalised Wilcoxon test,
AA. . p=0-06 by generalised Savage test). In the
A A curative (n = 74) radiotherapy group there was a non-significant

80 - AA non-curative (n =27) DNA diploid survival advantage (19-5 (20)
A A months v 12-0 (2 0) months).

A After a curative tumour resection, female
60 A patients (23-1 (4-3) months) survived signific-

A antly longer than male patients (11-2 (0 9)
A months; p=003 by generalised Wilxocon test,

40 A A p=005 by generalised Savage test). Preopera-
A* tive radiotherapy did not prolong the median

20 *A survival time. DNA ploidy did not have a
20 A

A A A* significant prognostic influence on survival after
A A a curative resection.

A A A A

O A A AIAA When the prognostic impact of the different
0 1 2 3 4 5 6 7 8 9 clinicopathological and flow cytometric variables

Survival time (yr) on survival was evaluated in a multivariate
regression analysis, radicality of surgery

tre 1: Survival ofpatients with squamous cell carcinomas ofthe oesophagus was emerged as the most im ortant factor (x 2-225e
ficantly influenced by the result ofsurgery (p<O0OOO1 by generalised Wilcoxon test and by follged by tuemour grtadn fxctor1 X,s of- th
ralised Savage test). followed by tumour grading (x2=7 1), sex of the

patients (X2=7 1), and tumour stage (x2=5 0).
DNA ploidy did not confer independent prog-
nostic information for survival.

the whole study grou
a considerable influ
resection: 11 8 m
months; Fig 1). One
rate was 49% after cu
son to 11% after non
Tumour grading a

borderline statistical
radiation treatment c
prolongation of su.
months; radiation
months). Female pal
to survive longer thai
NS). Patients with
survival, 11 -3 (1-2) rr

patients with aneu
months). This differ
significant (Fig 2).

These univariate
separately performei
with preoperative r
with surgery onlI
remained the most
After surgery alor
tumours (15-0 (12-(
than patients with a]

| diploid (n =

aneuploid (n

0 1 2 3 4 5 E

Survival time (

p. Radicauty of surgery had
ence on survival (curative
.onths; non-curative: 4-6 Discussion
year after surgery, survival Squamous cell carcinoma of the oesophagusirative resection in compari-
-curative compary. remams one of the deadliest malignant neo-

-curative surg .rplasms because patients often present withnd tumour invasion were of advanced disease at the time of diagnosis. TheI significance. Preoperative prognosis of patients with carcinoma of thelid not result in a significant oesophagus mainly depends on pathohistologicalrvival (surgery group 8-5 and surgical criteria.'"'5 As in our study, their isplus surgery group 10-5 a clear difference in survival between the
ients (15,0months) tended curative and non-curative groups. In the multi-ni male patients (8 -3 months, vatiate regression analysis, radicality of surgerydiploid tumours (median was the most important prognostic variable.aonths) survived longer than After the development of lymph node metastasesploid tumours (8 0 (1 -3) and distant metastases, median survival of
ence in survival time was not patients declined significantly. Our observation

that female patients carry an improved survival
after a curative tumour resection is supported byd for the group of patients data from Japan.13

adiotherapy and the group There is considerable variability and hetero-y'. Radicality of surgery geneity in the clinical course of patients withimportant survival factor.iepatientsurwithl diploid squamous cell carcinoma of the oesophagus.
Beside the TNM classification system additional)) months) survived longer variables, such as biological staging for the

neuploid tumours (7,3 (0,9) intrinsic malignant potential of the tumours,
might be useful for determining long term
survival.

Several studies have shown that flow cyto-
38) metric detection of DNA aneuploidy might
= 60) reflect the malignant potential of gastrointestinal

cancers.24 Flow cytometry of archival tumour
material offers the advantage that long term
follow up is available. Comparative studies of
fresh and paraffin embedded tumour tissue have
shown that accurate determination of DNA
ploidy in archival tumour tissue can be per-
formed reliably in most tumours.9 II

In our series, DNA aneuploidy was detected
in 61% of all patients and in 71% of the unirradi-

A AA A a ated patients with squamous cell carcinoma of
A the oesophagus. Because of the known hetero-
*' 8 * geneity of DNA aneuploidy in oesophageal

6 7 8 9 carcinomas'6 tumour blocks were analysed until
:yr) DNA aneuploidy was detected in at least one

agus was not influenced by DNA block or was excluded by measuring all available
tumour blocks in one patient. This percentage is
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Figure 2: Survival ofpatients with carcinoma ofthe esoph,
ploidy state (life table analysis).
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in accordance with other flow cytometric studies
in oesophageal cancer that have reported rates of
aneuploidy in the range of 57% to 91%. Preval-
ence of DNA aneuploidy was comparable in
fresh (83/112 tumours (74 1%)""19 and in paraffin
embedded material (77/108 tumours (71-3%).20 21
The percentage of aneuploid tumours

increased according to tumour invasion and the
development oflymph node metastasis reflecting
an increased genomic instability."7 Confficting
results concerning the relation between the
degree of differentiation and abnormalities of
DNA content have been reported. As in our
study, Kaketani et al and Edwards et al did not
find a significant correlation21 22 whereas this was
found by three other groups.17 18 20

Although a trend for an increased survival
time in patients with diploid tumours was found
this difference was not significant. These results
are supported by the findings from English and
Italian groups.2022 DNA distribution patterns
analysed by cytophotometry, however, have
been shown to relate to survival in patients from
Japan.2324 Because the definitions of DNA
aneuploidy differ between these flow cytometric
and cytophotometric studies, the results cannot
be compared directly. In these cytophotometric
studies, aneuploidy was defined by the DNA
distribution pattern that was largely determined
by cells with DNA values beyond the 4c region.
In flow cytometry, DNA aneuploidy is defined
by the presence of a distinct second GOGI peak.

After preoperative radiotherapy the percent-
age of aneuploid tumours decreased signific-
antly, from 71% to 47%. This result should be
interpreted cautiously because serial biopsies
were not available in these tumours. This result,
however, most probably reflects local response to
treatment with the eradication of aneuploid
tumour cells in a proportion of carcinomas. This
interpretation is supported by data in rectal
carcinomas. Jones et al showed significant differ-
ences in DNA ploidy state between preopera-
tively irradiated and non-irradiated rectal
cancers. Similar changes were found in serial
biopsies taken during radiotherapy in rectal
carcinomas.26

It has been suggested that aneuploid cervical
tumours are more radiosensitive than diploid
tumours.27 In squamous cell carcinomas of the
head and neck and in high grade non-Hodgkin's
lymphoma aneuploid tumours are most respon-
sive to chemotherapy.2829 In oesophageal cancer,
the effect of hyperthermochemo-radiotherapy is
more pronounced in aneuploid than in diploid
tumours.30 Therefore, it can be hypothesised
that DNA aneuploidy might be an indicator for
response to preoperative radio or chemotherapy.
This assumption, however, has still to be sup-
ported by prospective studies.
The preoperative radiotherapy did not result

in a significant prolongation of survival time.
This also applied to the subgroup with a curative
tumour resection and is in accordance with other
studies that used preoperative radiotherapy.3'
Although the reduced percentage of aneuploid
tumours can be interpreted as a local response to
radiotherapy the missing effect on survival
points to the fact that oesophageal cancer is often
diagnosed at a locally advanced or even dis-

seminated stage. In patients who undergo
surgery recurrence and death are often attrib-
uted to unsuspected early metastatic disease the
presence of which has been documented in
necropsies performed relatively soon after
surgery.32

In conclusion, DNA ploidy was not identified
as a prognostic factor in oesophageal squamous
cell carcinoma in this flow cytometric study.
Survival of patients was not improved by pre-
operative radiotherapy, but was significantly
associated with a radical tumour resection.
Although the percentage of aneuploid carcino-
mas was significantly reduced after preoperative
radiotherapy this local response did not convert
into a prolongation of survival. These results
support the necessity of combined modes of
treatment including chemotherapy for the
eradication of metastatic disease unsuspected at
the time of diagnosis.

Dedicated to Professor Dr Georg Strohmeyer on the occasion of
his 65th birthday.
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