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FLOW CYTOMETRIC ANALYSIS OF NUCLEAR
DNA CONTENT AND RADIATION RESPONSE
IN ESOPHAGEAL CANCER
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Abstract Cell nuclear DNA ploidy patterns were determined by flow cytometric analysis
in 19 patients with esophageal carcinoma. Aneuploid DNA patterns were observed in 13
patients. Seventeen of the patients were treated by external radiotherapy of 50 Gy or more,
Intraluminal brachytherapy was also performed in 15 of these patients and their local
response to radiation was estimated by barium esophagograpy one month after completion
of the radiotherapy. We investigated relations among the DNA ploidy patterns, clinical chara
cteristics, and local radiation response. Four patients with lymph node metastasis were
judged to have aneuploid DNA patterns. These patients with aneuploid pattern showed a
favorable local response to treatment one month after radiotherapy. It is possible that the
ploidy pattern of esophageal carcinoma could be a valuable predictor of the early local

response to radiotherapy.
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INTRODUCTION

Alterations in cell cycle phase distribution
and cellular DNA ploidy are considered to be
factors that have important influence on the
efficacy of radiation. Flow cytometry is a fast
precise method for the determination of DNA
ploidy and it can also be used to analyze cell
cycle phase distribution'~?. In this study, we
examined the usefulness of the DNA ploidy
pattern as an indicator of tumor response to
radiation.

PATIENTS AND METHODS

Patients

Nineteen patients with esophageal car-
cinoma were studied. There were 11 men and
eight women ranging in age from 43 to 87 years
(mean age: 68.7 years). The tumors were locat-
ed at the upper, middle, and lower esophagus

in 1, 15, and 3 patients, respectively. Specimens
for pathological diagnosis and flow cytometric
analysis were obtained from all patients by
biopsy through esophagoscopy before the ini-
tial radiation treatment. Two specimens were
obtained from sites as close together as pos-
sible. All the tumors were diagnosed as
squamous cell carcinoma following the endos-
copic biopsy. None of the patients had
received chemotherapy before radiation.

DNA analysis

Tumor samples were prepared for flow
cytometry in the manner described by Taylor®.
Briefly, DNA was stained with 50 xg/m/
propidium iodide (Sigma, St. Louis) which
was made up in a 0.1% solution of nonionic
detergent Triton-X-100 and included RNase
(Sigma, St. Louis). Immediately before analy-
sis, the samples were filtered through a 40 um
nylon mesh, and the resulting suspension was
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Fig. 1. Represetative histograms. (a) The diploid tumor has one distinctive G0/G1

peak (channel 62). (b) In the aneuploid tumor there is a first normal GO/
G peak (channel 62) and a second GO/G1 peak (channel 70). The DNA

index of this tumor was 1.13.

passed through a flow cytometer (FACS can,
Becton Dickinson, Sunnyvale). A 488 nm
argon ion laser line run at 600 mW was used
for fluorescence. Patterns in the tumor cells on
the DNA histograms were divided into diploid
and aneuploid types. Fig. 1 shows histograms
representative of both types. The diploid type
always had a single major peak (Fig. la),
whereas the aneuploid tumor showed two sepa-
rate peaks; the second peak being in addition
to the normal diploid DNA (Fig. 1b). Histo-
grams of high quality were obtained; the coeffi-
cient of variation of diploid peaks ranged from
3.2% to 5.1%. The DNA index was calculated
by comparing the channel ratio of G0/GI
populations in normal and tumor cells.

Radiotherapy

Of the 19 patients, 17 were treated by exter-
nal rediotherapy of 50 Gy or more. The other
two patients received dosage of less than 50 Gy
due to their poor general condition and
preoperative radiotherapy. Intraluminal bra-
chytherapy was combined as a boost therapy in
15 of the 17 patients who received external
radiotherapy of 50 Gy or more. The remaining
two patients were treated with external radio-
therapy alone due to stenosis prohibiting
intraluminal brachytherapy and the possibility
of fistulas. The dose of intraluminal brachyth-

erapy was 12 Gy, delivered in two fractions in
one week, with the exception of one patient
who received 6 Gy in one fraction.

External radiotherapy was performed with
10 MV X-rays (LMR 15, Toshiba, Tokyo). All
patients received a dose of 2 Gy per day for 5
days a week. Parallel opposed portals were
used up to 40 Gy, followed by oblique portals
or rotation. The field size was 6 cm wide and 3
cm longer than the tumor size at both the
superior and inferior margins of the tumor.

Intraluminal brachytherapy was performed
using a high-dose-rate, remote afterloader
(RAL-303, Toshiba, Tokyo). Details of the
technique and dosimetry of this intraluminal
brachytherapy have been reported previously®.

Evaluation of Radiation Effect

We estimated the local radiation response of
the 17 patients who received external radiother-
apy of 50 Gy or more.

The local response to radiation was evaluat-
ed by barium esophagograpy one month after
the completion of radiotherapy. Clinical effi-
cacy was denoted in the following manner®:
Complete response (CR) denoted 100% regres-
sion of disease and partial response (PR)
denoted more than 50% reduction in tumor
bulk but less than 100% resolution of disease.
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Fig. 2. Distribution of DNA indices in esophageal carcinomas.
Table t. Characteristics of Diploid and
RESULTS able aracteristics of Diploid an

DNA Ploidy Pattern

Six of the 19 patients had a diploid DNA
pattern; with aneuploid DNA patterns obser-
ved in the remaining 13. The DNA indices for
aneuploid tumors ranged for [.11 to 1.93
(mean: 1.35) (Fig. 2).

Correlation Between DNA Ploidy Pattern and
Clinical Factors

Table 1 shows relations between the DNA
ploidy pattern and a patient’s sex, age, tumor
length, radiological findings, disease sites, and
lymph node metastasis. We found no obvious
correlations between DNA ploidy patterns and
five of the six above factors; we did find corre-
lation with lymph node metastasis.

Four patients had lymph node metastasis
until after the completion of radiotherapy.
Three of these had neck lymph node metastasis
and one had abdominal lymph node metas-
tasis. The diagnosis of neck lymph node metas-
tasis was based on a physical examination, and
the diagnosis of abdominal lymph node metas-
tasis was based on ultrasonic diagnosis and
computed tomography. The four patients with
lymph node metastasis had an aneuploid DNA
patterns.

Correlation Between DNA Ploidy Pattern and
Radiation Effects

Aneuploid tumors

Diploid Aneuploid

Total no. of patients 6 13
Sex
male 4 7
female 2 6
Mean age 72.3 67.1
Tumor length 6.1£35 6.1%+25
(mean+SD cm)
Radiological findings
superficial 1 2
tumorous | 4
serrated 0 5
spiral 3 1
funnelled 1 I
Site
upper 1 0
middle 5 10
lower 0 3
Lymph node metastasis
(+) 0 4
(-) 6 9

Table 2 shows relations between the DNA
ploidy patterns and the effects of radiation.
Eight of the 12 patients with aneuploid tumor
cells showed CR one month after radiotherapy,
whereas one of five patients with diploid cells
showed CR. Among the 17 patients who
received external radiotherapy of 50 Gy or
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Table 2. DNA Ploidy Pattern and Local
Radiation Effect

Diploid Aneuploid
(n=3%) (n=12)
CR 1 8*
PR 3* 2
MI L 2
Note. CR=complete response; PR =partial

response; MI=minor improvement. *Includes
one patient treated by external radiotherapy
alone.

more, 9 showed CR and 5 had PR. The remain-
ing three patients had less than 50% reduction
in tumor bulk; this was considered to be a
minor improvement.

DISCUSSION

It is recognized that the DNA content of
tumor cells may differ from that of normal
cells as a result of chromosomal alteration. On
flow cytometric analysis, an abnormal amount
of DNA (aneuploidy) has been demonstrated
in tumors of the esophagus™, kidney'?,
colon'?, and lung'>'®. In those studies, all
tumor specimens were obtained by surgery and
correlation between the DNA content of the
tumor cells and the patient prognosis was
investigated retrospectively. In the present
study, however, we obtained specimens by
biopsy through esophagoscopy before treat-
ment, and investigated the correlation between
the DNA content in esophageal cancer cells
and the local radiation response prospectively.

It has been found that most tumor cells are
diploid in the early stages of disease, whereas
aneuploidy tends to increase in advanced
stages”™'¥. In our study of 19 patients with
esophageal squamous cell carcinoma, we ob-
served that the patients with aneuploid cell
tumors manifested a high frequency of local
lymph node metastasis compared to patients
with diploid tumors.

Regarding the relations between ploidy pat-
tern and patient prognosis, aneuploid tumors
tend to have a high frequency of recurrence
and are associated with poor patient
prognosis’~'». Our results, showed that aneu-
ploid tumors had better local response to

radiotherapy than diploid tumors. However,
this does not mean that the prognosis for
patients with aneuploid tumors treated by
radiotherapy is better than that for patients
with diploid tumors, since patients with aneu-
ploid tumors tend to have lymph node metas-
tasis and to be in an advanced disease stage.
Long-term follow up will be needed to clarify
the relations between DNA ploidy patterns
and patient prognosis after radiotherapy.

Kaketani et al.” analyzed the DNA ploidy
patterns of excised malignant esophageal tis-
sue; they reported that the incidence of recur-
rence within 12 months after surgery was
higher in patients with aneuploid tumors
(83.3%) than in those with diploid tumors
(16.7%) . This means that a poor prognosis can
be predicted prior to surgery in patients with
aneuploid tumors. Therefore, 1t is important to
design more effective therapy for patients with
aneuploidy. We suggest that adjuvant therapy
should be given to patients with aneuploid
tumors that are treated surgically. Judging
from our results, radiotherapy should be con-
sidered as an effective adjuvant therapy for
these patients. If a postoperative prognosis is
not improved by adjuvant therapy combined
with surgery, we recommend radiotherapy,
including a high-dose-rate intraluminal bra-
chytherapy boost, instead of surgery, since a
good local response to radiotherapy is expect-
ed in patients with aneuploidy, as seen in our
study. Of course, the prognosis of patients
treated by radiotherapy may not be different
from those treated surgically. However, the
quality of life obtained for the patient by the
two treatment methods is very different. If
improvement of dysphagia and food passage
can be gained, we recommend that patients
with poor prognosis should be treated by
moderate methods. Taking these factors into
account, we believe that the measurement of
DNA content of esophageal cancer cells could
be an important factor to be cosidered when
making therapeutic decisions.

We conclude that the DNA ploidy pattern is
an important indicator of early local response
to radiotherapy of esophageal carcinoma.
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