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The purpose of this prospective study was to
determine whether tumor ploidy or S-phase frac-
tion measurements were of prognostic value in
predicting short-term recurrence for colorectal
carcinoma. A total of 52 patients underwent cura-
tive resection of colorectal carcinoma. Fresh sus-
pensions of tumor cells were used for flow cyto-
metric analysis. Patients underwent follow-up for
possible recurrence, which then was related to
ploidy status, S-phase fraction measurement,
adjuvant therapy received, and Dukes stage.
Disease-free probability was determined using
Kaplan-Meier actuarial curves for various sub-
groups of the study populations. Results
revealed that elevated S-phase fraction (>16%)
did predict for a higher probability of recurrence
in those patients receiving no postoperative adju-
vant treatment. Among patients receiving postop-
erative adjuvant therapy, however, a higher S-
phase fraction predicted for a lower probability of
recurrence. These data suggest that the S-phase
fraction does predict for disease-free probability
and also predicts response to adjuvant therapy in
patients with colorectal carcinoma. (J Nat! Med
Assoc. 1995;87:803-806.)
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Large-bowel carcinomas represent a rather morpholog-
ically uniform group of tumors that show great clinical
variability and unpredictability.1 Traditionally, Dukes
stage, which includes lymph node metastases, has been
used to identify subgroups of patients with different prog-
noses. Other prognostic variables such as size, location,
nuclear grade, angioinvasion, and carcinoembryonic anti-
gen levels, also have been used to predict the likelihood of
recurrence.

Recently, a number of new variables have been tested
for their potential prognostic value.23 The determination
of DNA ploidy status by flow cytometry has emerged as a
potential prognostic aid in a variety of human malignan-
cies. However, previous retrospective studies in which
DNA content was measured in specimens retrieved from
paraffin-embedded tissue blocks have not been conclusive
with regard to recurrence or survival.46 The study
described here was performed on fresh suspensions of
tumor cells to evaluate the prognostic significance of
tumor ploidy and S-phase fraction measurements in pre-
dicting short-term recurrence for colorectal carcinoma.

MATERIALS AND METHODS
Patients

The initial study population included 56 patients who
underwent primary colon or rectal carcinoma resection at
St Joseph Mercy Hospital between 1987 and 1988. All
patients underwent curative resections, and fresh tissue
specimens were evaluated using flow cytometry. Four
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Figure 1. Tlumor ploidy for all colorectal cancer.
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Figure 2. S phase fraction for untreated col.
orectal cancer.
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Figure 3. S-phase fraction for treated colorec-
tal cancer.

patients were eliminated from the study due to a less than
30-day survival. The remaining 52 patients formed the
basis of the study and underwent prospective follow-up
for evaluation of short-term recurrence and survival.

DNA Analysis
Samples of non-necrotic tissue were obtained from

several grossly abnormal areas of the tumor to include a
final wet mass of approximately 0.5 g to 1.0 g.
Approximately 0.1 g of grossly normal adjacent colonic
mucosa was stripped free for use as an internal diploid
DNA standard. Cells were harvested by mechanical dis-
aggregation or fine-needle aspiration. Two separate
aliquots of approximately 6X 106 tumor cells were pre-
pared for each tumor, and to one of these, approximately
20X103 cells representing a mixture of chicken and trout
erythrocyte nuclei were added as additional internal DNA
calibrators.

Both samples were processed immediately and stained
according to the method of Vindelov et al.7 The samples
were analyzed on an FACScan flow cytometer equipped
with an electronic doublet discriminator (Becton
Dickinson Immunocytometry Systems, Mountain View,

California). Histograms were collected on approximately
20,000 nuclei from each aliquot. The list mode data files
then were ported to a 33-MHz 80386 desktop computer
and analyzed using ModFit DNA histogram modeling
software (Verity Software House, Topsham, Maine).

Tumor ploidy was determined using the aliquot contain-
ing the chicken and trout cells. The aliquot containing only
colonic cells was used to measure S-phase fraction. A con-
servative rectangular model, which included background
debris subtraction, was used to estimate S-phase fraction.

Statistical Analysis
Data were analyzed using Kaplan-Meier actuarial

curves that were constructed for various subgroups of the
study population. The Wilcoxon sign rank test of signifi-
cance was used to evaluate the differences between the
Kaplan-Meier curves. Fisher's exact test also was used to
evaluate 2X2 contingency tables for patients with at least
2 years of follow-up.

RESULTS
All of the resected tumors from the 52 patients were

adenocarcinomas. Patients ranged in age from 43 to 90
years. Ploidy determinations revealed 40 patients with
aneuploid lesions and 12 patients with diploid lesions.

There were 33 males and 19 females (male:female
ratio of 1.7:1). The majority of the tumors were right-
sided, with 25 tumors occurring in the cecum and ascend-
ing colon, 1 lesion in the transverse colon, 6 tumors in the
left colon, and 15 tumors in the sigmoid colon, and 5
lesions in the rectum. There were 8 (15%) patients with
DukesA lesions, 25 (48%) patients with Dukes B lesions,
and 19 (36%) patients with Dukes C lesions.

Most of the patients did not receive adjuvant therapy
postoperatively (65%); however, of the 18 patients who
did, 6 (33%) were female and 12 (67%) were male.
Postoperative adjuvant therapy consisted of chemotherapy
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(three patients), radiation therapy (two patients), and com-
bined chemotherapy and radiation therapy (three patients).
Among a subgroup of patients with a minimum of 2

years of clinical follow-up (n=42), ploidy alone was not a
significant predictor of short-term recurrence (P>.05).
Among the entire study population, however, ploidy did
significantly predict for probability of short-term recur-
rence (P<.0001) (Figure 1).

The median S-phase fraction for the entire study popu-
lation was 16%. In patients receiving no postoperative
adjuvant treatment, elevated S-phase fraction (>16%) pre-
dicted for higher probability of recurrence (P=.0156)
(Figure 2). Among patients receiving postoperative adju-
vant treatment, a higher S-phase fraction (>16%) predict-
ed for a lower probability of recurrence (Figure 3).

DISCUSSION
Previous flow cytometric DNA studies of colorectal

carcinoma have given variable degrees of correlation.8-11
The majority of these studies were retrospective, and
DNA content was measured in specimens retrieved from
paraffin-embedded tissue blocks. Wolley et al12 gave the
first prospective report on the prognostic value of flow
cytometric DNA determinations in colorectal carcinoma
and suggested that the DNA content of the tumor is
important for the prognosis. It was unclear, however, if
tumor ploidy was a manifestation of advanced disease or
other known prognostic variables.

High S-phase values indicate that a large proportion of
cells are proliferating, resulting in rapid tumor growth.
The finding that aneuploidy in colorectal carcinoma is
related to S-phase values may indicate that the S-phase
value rather than the ploidy level is the factor governing
prognosis.9 Therefore, DNA content of a tumor could be a
secondary reflection of tumor growth rate.

Cytometric means of measuring S-phase values are
technically difficult when compared with the relatively
simple measurement of tumor ploidy. For this reason,
there is often great interlaboratory variability in determin-
ing S-phase fraction. Normal ranges for each laboratory
performing this test must be established based on that par-
ticular laboratory's methods and patient population. The
S-phase value, however, has clearly demonstrated prog-
nostic value in tumors of the breast and lymphatic system.
It also has been shown to be useful in predicting response
to therapy in head and neck malignancies. Although the
independence of ploidy as a significant prognostic indica-
tor was not realized in a subgroup of our study population
with 2 years of follow-up, it is clear that DNA content and
S-phase fraction determinations reveal important informa-
tion about the biologic behavior of colorectal carcinomas.

The measurement of DNA ploidy has been shown to be
an independent prognostic variable for predicting both the
likelihood of recurrent disease and tumor-related death
when the data are adjusted for other clinical and patho-
logical characteristics, including gender, serum carci-
noembryonic antigen, size, grade, and stage of tumor.8 It
also must be noted that there is a lack of consensus with
regard to the prognostic value of DNA ploidy status.
Rognum et al13 and Melamed et all4 found no significant
differences in survival between patients with DNA diploid
and DNA aneuploid tumors. Goh et al15 reported that the
prognostic significance of DNA ploidy was of little value
when included in a regression analysis model. These con-
flicting results may be due to the relatively small number
of patients studied or differing laboratory techniques.
Also, studies using paraffin-embedded material may give
a less than optimal interpretation of collected data.

CONCLUSION
These data suggest that the S-phase fraction does, in

fact, predict for short-term disease-free probability in
patients with colorectal carcinoma. The S-phase fraction
also may identify those patients who would most likely
benefit from postoperative adjuvant therapy. Technical
refinements in S-phase fraction measurement may
improve the predictive potential of this unique variable
further. However, the results of this study are based on a
small group of patients, and larger series are needed to
determine the relative significance of ploidy and S-phase
fraction to other variables.
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